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PREFACE TO THE SECOND EDITION 


Since the first edition of this volume was publislied in 1914, the 
strides made in the oil-hardening industry have surpassed all expec¬ 
tations. The advances effected by inventors in simplifying old methods 
and creating new ones and the wider adaptation of the process in the 
hands of skillful factory operators have led to many changes and 
Ix'tterinents. The present edition endeavoi-s to bring the develo])- 
ments in this field down to date, and to offer suggestions of futuri' 
possibilities. Unexpected uses for hydrogenated oils have been and 
continue to he discovered, hence the market for these fats is constantly 
broadening. After finding a secure place for the production of edible fats 
in this country, the hydrogenation process has also been taken up more 
si'riously by the soap-maker, and with tlie scarcity of natural tallow 
due to war conditions, has enabled the soap manufacturer to produce 
an artificial tallow from relatively cheap oils. During the past two 
years this has been accomplished on a large scale. 

Much of histoncal and general interest will tx> found in the records 
of patent litigation in this country, appearing in the appendix. The 
details of the beginning of oil hardening in the United States, which 
hitherto seemingly have Ixien surrounded by a veil of mystery, are 
now accessible to the reader. 

Owing to certain difficulties of classification, an unusually com¬ 
plete index/is appended. 

C. E. 

92 Gkernwood a centje, 

Mo>m;LAiR. N. J. 

Dec. 1, 1918, 
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I’RKFAC’K TO THE FIRST EDITION 


'I'liK courso of (levcloimK'nl of the oil industry is markod ')y rhc 
milostoiii's of discovery, cndirncing jilyccrinc recovery, hydrolytic 
s:i])oiiilicatioii, the Twitcliell jiroccss, the distillation of fatty acids, the 
^Ve^soll iirocess of oil deodorization, the jiioiieer work of Mefic Moiirics 
and the resiiltiiis; nnirf'arine industry, the iiitiinal.c incor|ioration of 
oil and steiirin by sudden chilliii); to form lard conipoiind, the de- 
sulfuri/iation of iietroleiim oils hy co]>|)er oxide; and to the fore^oiiis 
should he added :i com|)iiratively recent discovery, the -teehnical 
hydrofiienation of -oils, which is destined to lake a vi'ry proiuiiient 
)ilaci‘ 111 the oil industry. 'I’hc extensive iisi' of the hydroncnation proc¬ 
ess is beyond iloiiht, it must in fact be refrarded as the mo.st iniiiortant 
advance in the technology of oils diiriii)' recent years. 'I'hc probabh' 
etfcci on till' oil and allied industries and on the oil and oil seed markets 
is dillii'ult to forecast, as the full possibilities of the ])roccss cannot yet 
be delermineil. 

'riic whole structure of hydrogenation resides in the catalytic action 
ot practically only a limited number ol metals and their coiniioimds, 
which awaken the usually ])assive element hydrogen from its dormant 
condition and thus enable its combination with iinsatiiratcd bodies, 
Olten the term catalysis is said to be an overworked ex])ression under 
cover of which chemists may lind refuge when jircsscd for an ex|)lana- 
tion of obscure ]ihenonicna. Hut whether or not the term is over¬ 
worked it is indeed certain that with rational treatment catalyzers 
are the hardest workers in the domain of chemistry and may elTi'ct 
the t.ransformation of a [irodigious amount, of raw' material without 
detriment to themselves unless ])erchance their labors are checked by 
the aci .dental presimce of certain unfriendly bodies or catalyzer 
“ poisons " as these arc termed. 

In IS'id Dobi'reincr found that hydnigcii would ignite, when, in the 
ju'csence of air, it was exposed to lincly-divided ])latinnm, and this 
manife.station of catalytic activity by ])latinum and also palladium 
was studied during the middle of the last century by Liebig, Debus 
and others. In 188M Mond made use of reduced nickel on a ])orous 
carrier, curiously enough not to add hydrogen dnit to eliminate it, 
thus proviiling a imdhod of preparing hydrogen gas. Ten years or 

V 



vi PREFACK TO xkE FIRST EDITION 

so later, Sabatier and Senderens reversed this procedure and rti£de 
such nickel carry hydrogen to unsaturated organic compounds of a 
fcharacter which could be vaporized readily. Then in 1903 came Nor- 
mann who disclosed the application of nickel catalyzer to the hydro¬ 
genation of fixed or fatty oils or the production of stearin from olein. 
But it was years afterwards before the idiosyncrasies of catalytic 
nickel were fully understood and the technical difficulties of hydro¬ 
genation were surmounted so as to afford eminently practical results. 

To-day this brancli of the oil industry is growing by leaps and 
bounds and its advent into the field has brought a flood of congratu¬ 
lations, protests and criticisms, market disturbances, and great activity 
among chemists to improve the cataljdic materials and processes of 
treatment involved. 

The present book it is hoped will be of assistance to the practical 
worker as well as to the student of oils and fats. It has been the out- 

f 

growth of a number of years of observation and experience involving 
the collection of a considerable amount of data from many sources. 
An attempt was made by the author to present the matter in brief form 
before the Society of (Chemical Industry in 1912 and the present 
volume is based on the general plan or arrangement of material adopted 
in that paper. 

Heretofore, the literature on hydrogenation has been scattered 
through many periodicals and no effort has been made to collect this 
material and arrange it in book form, although the treatises of Hefter 
and Ubbelohde and Goldschmidt include a few pages on the conversion 
of soft fats by various methods to stearic acid or stearin; but such 
reviews have been too brief to afford the practical operator sufficient 
working material. 

A considerable mass of data including practically all that has been 
advanced on the subject of hydrogenation of fatty oils has been col¬ 
lected and arranged in this volume. The observations and opinions 
of many minds have been brought together. Some of these views 
obviously are sound, others are open to grave doubt and still others 
are of a contradictory or polemical nature. Whether or not in the 
treatment of this matprial to carry through a vein of critical comment 
was a problem which* confronted the author and the conclusion was 
reached that at this stage of a young art, it would be inadvisable in 
general to do more than array the multitude of processes, formulae, 
proposals and opinions, leaving to the reader the selection of that 
which should prove of greatest utility. 

A few years hence when oil hydrogenation will have found its 
measure and the more important points concerning it have reached 
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deAiite settlement, the allotment of space to a number of the discus¬ 
sions appearing on the following pages would hardly be warranted, but 
at the present time when many are desirous of having at hand a treatise 
which comprises all or nearly all the published work to date, containing 
though it does a considerable divergency of opinion, there appears 
ample justification for the inclusion of material which later may be 
considered superfluous. ' 

Frequent reference has been made to the material scattered through 
the literature and acknowledgment is rendered to these sources of 
information, especially to the Journal of the Society of Chemical 
Industry and the Seifenseider Zeitung. 

C. E. 

Montclaik, N. J. 

June 15, 1914. 




CONTENTS 


• Pa<{E8 

CHAPTER I— Methods OP Hyduooenation .... . . 1-32 

Att.om[)1s to Ilydrogcnato OIck- Acid—A Review of tlie Arl.— 

Work of Lewkowitseh—(loldsehinidi —de Wilde and Ueyehler — 
(Udonnation of Oils —linbert, Znrrer - rissier—Freundheli and 
Hosiiuer—^'^lr<‘ntraI>|^ Heaetion—Sehrnidt '/aiw (3iloride Process— 

Prne(‘sses Involving the Aid of JOleetrieity—Mapnicr, IkaKider and 
I’lssier, Heinptinno. Petersen, Pohnnger and Bruno Waser—Hydro¬ 
genation l)y (’atalytic AittJon -Kolbe, Sayt-efT, Sabatier and Send(*rens 
—Nickel C’atalyzi'r lieprinee and Siveki* and the Normann Patent — 
Hydrocarbon Oils—Day—Oleic Acid Treated in tlu* Fonn of Vajior— 
Schwoerer, Hei'ft'ord—-Erdmann System—Vereinigte C^iemische Werke 
A (J —Kayser Apparatus—Tt^struj) and Wilbuscli(‘wits<*h—Bedford 
and Williams—Nickel Oxide—Nickel C^arbonyl -Shukoff—Day, 

Phillips find liulteel—'Schlinck Centrifugal Apparatus—Ellis System— 

S})(*ed of Catalytic Aidion—Tlie Tr(*atinent of Oleic Acid—('onnstiMn 
and von Schonthan, Pfeilring Ueageiii—De IIeni[>tinne 

CHAPTER 11— Methods of Hydrocenation ((kmtinued). 33-49 

lltescher—Action of Light—Walter's Method -Birkelaiid and 
Devik—IRochet—de Kadt—Markel and Crosfii'ld—'T<‘in[)erature of 
Hydrogenation—Ckiro—Fuchs—Nickel ('arbonyl, Lessing "Kiunjis— 
Bremen-Besigheiiner Olfabrikcn—Schcrieble—The ('alvert. System— 
Wilbuschewitsch Apparatus —Wimmer and Higgins—Ellis—Bock. 

CHAPTER HI.— Methods of IIyuuocjenation (('ontinued). 50-107 

li^arly W’ork of Bedford—Erdmann jmd Bedfonh-Badisehe Cki — 
Voswinckel Laboratory Ajiparatus —l.aboratory Type of Ilydro- 
genator — Dewar and Liebmaiin — ('hisholm Process — Kimiira — 

Rather and Reid—Hydrogenation of lOthylene—Asp Bock—David 
Process — Adam — Cruner — Rontgen Rays—W’ielgolaski —Kx|)eri- 
ments by Custis—Method of C'harlton—Apparat us of Verona-Rinati 
—(’ollotas—Ellis—Humphreys’ Process—Method of Mandelstam— 

Moore Process—Hendricks—Ney’s System—Maryott -IN* .lahn— 

Methods Employed by (’alvert—Walter’s Magnetic Method—Pictet 
—Birkeland—Devik—IJteschcr—Walker Process—Meb3roy -Ellis— 

Reid Lalxiratory Apparatus—Higgins—Kalnin and Bergius—Barlx; 
and DePaoli—Lulxiratory Method of Dubovitz—Normann’s (’riti- 
clsm—Robson—Method of Arnold--H<K*.hn Procews —Lane System— 

I'^urthcr Details of Dc Hemptinne’s I’roei'ss —Solomonoff—Hardening 
by Means of Ammonia and Amines—Herzmann—De (kinno— 
Hydrazine Hydrat/C—Faciola—Maiinino—Eluidin—Broehet’s (llijser- 
vatiops—Morrill—Shuck Deodorization Method—Si'hrauth—Hig- 

ix 



X 


CONTENTS 


gins’ Electrolytic Process—van T^cnt—Schicht A O and Grim— 
Synthetic lOsters—Bedford—Morrell—Investigations by Author— 
Dreymann’s Esterification Method—Use of Glycerine—Sugita— 
Ittner’s Process—Feld—Whitaker's Method for Removing (.'aialyzer 
—Ilagcinann and Baskerville—Maxtod and Risdale—Higgins’ Gup 
Agitator—Hydrogenation of Resins—Moore, Richter and Van Arsdel 
—Hydrogenation Curves—Effect of Temperature and Pressure— 
Percentage of Catalyzer—Effect of Agitation—Changes in Physical 
and ('hemi(^al Constants—Melting Point—Titr(>—Haiphen Test— 
MiscellaiUMms Publications on Hydrogenation—Lessing—Rivals— 
Jaubert—Uono—Wilbuschewitseh—S<!hicht—S]o(|uist —Siegmund— 
Hertzog — I'ahrioii — Redgrove — Klirnont — Jobhng — Bremen- 
Hesigheimer (Hfabrikcn—lk*rgius—ICllis—Fabris—Shaw - Anderson 
—Rol)Hon—S(*hicht AC. and Crun—Kayser—Boehringer—Hydroil 
C'o , Ltd —Schmidt and Blankenhorn—Barnitz—Amburger—Uchida 
—Mock and Blum—W’alker Process 

CHAl’l'KR IV —(’atalyzkks and Their Role in HYDRaof:NATioN 
Processeh. The Base Metals as Catalyzers ... . . 

Nickel ('atalyzers—Preparation—Bodies Acting as Poisons for 
Catalytic Nickel—Use of Nickel by Mond —Sabatier and Senderens 
—Behavior of Catalytic Nickel—Senderens and Aboulenc—Nickel 
Obtained by Reducing Various Oxides—Classification of Catalyzers. 

CHAPT'ER V — The Babe Metals ah Catalyzers. 

Nickel Oxide—Bedford and W’illiams—Erdmann—Sabatier 
and Espil—Relative Efficiency of Nickel and its Oxide—Mcigen and 
Bartels—Kast—de Kadt—Nickel Soaps—Hausmann—Wiinmcr and 
Higgins—Nickel Formate—Crosficld—Kayser—W^ilbuschewitsch — 
Frank —Eldred—Midler—Ni(;kel jHypophosphitc—Brcracn-Besighei- 
mer Olfabriken—Flaky Nickel—Ilagemann and Baskerville—Boberg 
—Boron as a C’atalyzer—Hildesheimer—Continuous Process for the 
Reduction of Nickel Oxide. 

CHAPTER VI.— The Babe Metals as Catalyzers (Continued)_ 

Dewar and Liobmann—Catalyzer from Nickel Hydrate—Kayser 
—Lubeck and Payct—Sili(*on Monoxide—Valuable Qualities of Char¬ 
coal—Fresenius—Author’s Process—Ellis and McElroy—Ittner’s 
Chari^oa! (Catalyzer—'lamari—Valpy and Lucas—Effect of Promoters 
—Badische Co —Crossley—Hchner—Bosch, Mittasch and Schneider 
—Kayser's Reduction Apparatus—Morey and Craine Reducer— 
Morey’s Proce.ss—Burchenal ('atalyzer—Pyrophoric Catalyzers — 
Oswald and Doering—(k)lioidal Nickel—Sulzburger—Catalyzer Poi¬ 
sons—Sabatier and lilapil—Effw^t of Sulphur and Chlorine—Potas¬ 
sium Cyanide—Peters—Autlwr’s Process for Removing Catalyzer 
Poisons—Ellis and W'ells—Treatment of Fish Oils—Effect of Sul- 
pliatcs—Arsenic—Crossley—Hchner—Kelber—Carbon Bisuljihide— 
Moore, Richter eimI Van Arsdel—Bancroft—Carbon Monoxide— 
Maxted—Pierron Cat4ilyzer—Hagemaim and Baskerville Nickel 


Hagbs 


108-117 


118-145 


146-171 




CONTENDS 


XI 


Pages 

Sheet Catalyzer—Elworthy—Karplus—Nitrogen Gos. mb. H — 
Hamburger’s Experiments—Reduction of Nitro Compmnds—Mag¬ 
netic Separation—Walter’s Process—Reynolds’ Method—Ellis Pro¬ 
cess—Leimdorfer—ipatiew and Zvjagin—Holla—Naamlooze Ven- 
nootschap—Soe. Industrielle—Lane’s Reduction Apparatus—Edison 
Reduction Process. 

CHAPI'ER VII.—The Base Metals as Catalyzers {Continued}.. ' 172-198 
Wesson's Catalyzer—Making Nickel Hydrate—Woodruff— 

Badische Co.—Permutit—Richardson Electrical Method—Author’s 
Methods—()lverwcrtung O m. b H —Electrolytic Deiwsition of 
Catalytic Nickel—Use of Silicon Tetrafluoride—Sabatier and Kspil— 

Bacon and Nicolet Catalyzer—Wells Catalytic Material—Sulzburger 
—Method of Using Nickel Carbonyl—Nickel Silicate—Byrom— 
Sulzburger’s Silica Catalyzer—Nickel Borate—Schoenfcld—Oiti- 
ciarns of Erdmann and Rack—Normann on Nickel Borate—C and G. 

Muller Si)eisefetfcfabrik — Bremcn-Bcsigheimcr (ilfabriken—Nickel 
Benzoate—Nickel Boride and Carbide—Use of Paraffin Wax—Reduc¬ 
tion of Nickel Hydrate—Kelber—Fuclis—Nickel Carl>onatc—Morri¬ 
son’s Method of Recovering Catalyzer—Haas—Filtration of Colloidal 
Nickel—Proposed Use of Hydrated Silicic Acid—Bosch, Mittasch and 
Schneider—Organic Salts of Nickel—Snelling—Copper Formate— 

Spicier—Nictkel Formate—Decomposition of Nickel Formate—Use of 
Formic Acid—Higgins’ Process—Valpy and Lucas—Nickel AcetaR*, 

Oxalate and Tartrate—Copper Catalyzer for Reducing Nitro (im¬ 
pounds—Nickel Oleate—Richardson Process—Hausmann—Thieme 
and Gcitel—Author’s Method of Using Nickel Oleate—Thermal 
Decomposition—Colloidal Nickel—Wimmer and Higgins—Reduction 
in Oil—Nickel Acetate—Soc. de. Stearinerio ei Savonnerie. 

CHAPI’ER VIII.—The Base Metals as Catalyzers (Continued)_ 199-228 

Notes on Nickel Oxide Catalyzers—Bedford and Erdmann— 

Normann on the Production of Metallic Nickel—Criticism by Nor¬ 
mann and P\ing8—Determination of Electrical Conductivity— 

Analytical Determination of Free Nickel—Nickel Carbonyl Test— 

Metallic Nickel vs. Nickel Oxide—Controversy between Erdmann and 
Normann—Olwerke Germania—Hoyer—Paal and Brunjes—Robson 
—Catalyzer Employed by Suzuki-Shoten Co.—Bedford, Williams, 

Erdmann and Hydroil Company, Lid., Ellis Semi-Reduced Hydro¬ 
genation Catalyzer—Boyce’s Nickel Black—Boehringer—Meigen 
Assertions—Frerichs’ Criticism of Erdmann’s Observations—Further 
Work of Normann—Lever Bros.—^Erdmann and Bedford—Hydro¬ 
genation by Means of Nickel Oxide and Metallic Nickel—Agde— 
Experiments in Support of Erdmann’s Contentions—^Effect of Mois¬ 
ture in Catalyzer—Reduction of Nickel Ck>mpounds in Saturated 
Bodies—^Effect of Sulphuric Acid—Siegmund and Suida—Exi)eri- 
ments with Nickel Oxide and Linseed Oil—Sesame and Cottonseed 
Oil—Nickel Formate—Character of the Nickel Catalyzer Obtained 
from Different Sources. 



CO>TTENTS 


xii S 


CHAPTER IX.—NtcKEL (Carbonyl . 

» Discovery of Nickel Carbonyl by Mond (Properties)—Martha— 

Rortholot—Manufacturo on the Large Si’ale—Fierz—Langer—Dewar 
—Catalytic Action of Nickel D(Tived from Nickel Carbonyl— 
Author’s Method—Lessing Process—George Schicht, A.G.—Coleman. 

CIIAPTlCIt X.—The IIaiie Metals as ('atalyzeii.s . . 

Palladium—Fokin’s Experiments—Tin* Work of Paal—Ckilloidal 
Palladium—Platinum and Palladium (^blonde—Skita—Protective 
(killoids—Hredig “MeyiT on th(‘ Use of Palladium (’ompounds— 
Karl—Paal and Windisi-h—Stark—Osmium Oxides—Ttchmann— 
Paal and Hartmann—Thron—Porter -de Montlaur—Schick- -Perl 
—Efrem—Munroe---Oil (blloids, Paal and Amberger—llvdrogena- 
tion of Olive Oil- C'erium ('atalyst—Osmium and Kutlienium Com- 
IMiunds on ("arriers Use of (^iloidal Palladium bv Albright— 
Radische Co.—Fuhnou—('ost. of Palladium Catalyzer --Skita’s 
Ohservatioiis on the Kate of Hydrogenation—Sabatier—^^lailhe— 
Neumann—Niedenfuhr--Fokin’s Claims—Classen —Groh—//elinsky 
- Dehydrogenation—Normaim and Schick on Osmium --Platinum 
on (Miarcoal Mannich—I’latinuin on (.Aike Verona-Kinati—Author’s 
Use of (’harcoal and Other Forms of (’arlM)n—Mannich and Tlnelc— 
Hydrogenation of Peanut Oi!—Projiyleiie Hememaim—Hoseken and 
Jlofst-ede—Mittiusch, Schneider and Morawitz—Amburger’s Organo 
Salts—ZeoIiU*s—Silicic Acid—Schwerin -Schwareman Catalyzer— 
Palladium C'alalyzer of Sulzburger—^Killing 

CH.^Pl’EK XL—The Occlitsion of Hydikkien and the MEriiANisM 

(>!• Hyduouen Addition . . 

Absorption of Hydrogen by Various Metals—Sieverts and 
Krumhaar — Dehydrogenation — Padoa and Fabris — IVlladium 
Hydrides—Wielaiid—Nickel Hydrides—Sabatier—Mayer and Ait- 
muyer—Phenomena of Adsorption—MclJain—Rixiucang Power of 
Hydrogen—Tomassi—Occlusion of Hydrogen by Charcoal—Tit off— 
Firth—Electrolytic Hydrogen—Fokin—Sieverts, .lurisidi and Metz 
—Smith and Martin—Jurisch—Joukoff—Korevaar—Pomilio—Elec¬ 
trolytic Reduction of Unsaturated Acids—Comparative Ease of 
Hydrogenation—Erucic, Ricinoleic and Linolenic Acids—Hoseken 
and Bilheimer. 

CHAPTER XII.—The Analytical Constants of Hydroi.i nated 

Oils . 

Changes in Specific Gravity, Melting Point and Iodine Number 
—Normann and Hugel—Index of Refraction—Saponification Value— 
Cholesterol and Phytosterol—Bomer-*-Willstiitter and Mayer—The 
Unsaponifiable Constituents of Hydrogenated Oils—Marcusson and 
Moyerheim—Hardened Castor Oil—Garth—Boudouin Reaction, 
Halplicn and Becchi Tests—Erucic Acids—Lewkowitsch—Majima 
and Okada—Hardened Peanut Oil—Kreiss and Roth—Observations 
of Ivnapp—The Investigations of Homer—Lcimdorfer—Color Reac- 


Paqer 

229-241 


242-264 


265-280 


281-318 







CONTENTS 


tions of Hydrop^onated Piah Ofla—Grimme—Codex Alimentariua 
Aiistriacus — Aufroeht — Tests for Nickel — Dimethylglyoxime— 
'I'chugaeff — Fortini — Benzildioxime — Atack — Colorimeirit^ Mct- 
liod—Lindt—The “ Hydrogen Value ”—Fokin—Seidenberg Method 
of Detect'Dg Hardened Oil in Butter—Reaearches of Twitchell— 
Fatty Acids in Fish (.)il—Crossley—Paasmore—Hydrogenation of 
Fatty Acids—'I'ortelli and Jo(Te Reaction—Davidsohn—'I'sujiuioto— 
Fryer and \V(‘st.()ii—Detection of Hydrogenated Oils—Pickering's* 
Method—Sandelin—C’onstanta of Whale Oil—Halphen Teat—I jcIi- 
munn—Peanut, Sesame and (^ittonseed Oil—Kelber and Rhcin- 
heiiiier—Iodine Numbers—Nickel Omtent of Hardened Oil— 
Lehmann’s Methods -Prall’s Test—Ash of Hardened Oil—Sidioon- 
fcld—KlTect of Hydrogen on Oil Ooiitaining Dissolved Nickel— 
Albright’s Method ior Determining the Hydrogen Numiier—Hyland 
and Lloyd—Partially Hydrogenat.i^d Oils—Detection of I’hytosterol— 
Korr—Presclier—Detection of Hard(*ned Oil in Lard—Sjirinkmeyer 
and Diednchs—Mannicli and 'riiiele—C’ompletely Hydrogenated 
Fats—Marcusson %aml Miyerluain —KtTect of Hydrogenation on 
CholestiMol and Pliytosterol —Marcusson and HuIhu'—O etodecyl 
Alcohol — ('hrysalis Oil — 'rsujimoto — Spmacem' — (diapman — 
Normaiiii and Hugel—(ilycerine Content of Hardened Fats—Jurgens 
and M(‘igei» —Hydroxy Fatty Acid—Sveiidseii---Hardened Whale Oil 
—Bosshard and l^'ischh—Anderson and Ratz—Use of Soilium Oleate— 
Biazzo and Vigdorcik—Determination of Rape Oil—Kidber—Removal 
of Halogen -Lowenstein—Halphen Test—-Amberger’s Method of 
Detecting Hydrogenated Oils—Knorr—Testing for Sulphur 

CHAPTER Xlll.—K diblk Hyokooionatki) Oils 

Lard (’ompound Manufa(*ture—Advantages in the Use of Hydro¬ 
genated Oil—Apparatus Kinployed m Mixing Hydrogenated Oil witli 
Other Oils -Josliii—Ixaithin—Uu'del—Brebesol—Edibility of Hydro¬ 
genated Oils —Bonier—lyffect of Nurkel in thi* Hardened Product— 
Normann and Hugel—Meyerheiin - Hardenod Whale Oil in Fats 
Intended for Edible i’ur[)oses—Bohm—Lieber and Keutgen—Offer- 
dahl - Miscellaneous Ha'^dened Oil Products — Oleomargarine — 
Deveaux—Hydrogenated Soya Bean Oil—Ellis-Boyco Process—Palm 
Oil — Wilbuschewitsch — Erlandsen — Fridricia—Elgstrom—Diges¬ 
tibility of Hydrogenated Whale Oil. 

CHAPTER XIV.—Eoiiile Hydrogenated Oils (Continued). 

Wesson’s Observations—Gill—Klimont and Mayer—Bontoux— 
Bergius—Ik kelharmg and Schut—Feeding Exi)eriments with Hydro¬ 
genated Oils--Thoms and Muller—Holmes and Lang—Estabrook’s 
Product—Kohman, Godfrey and Ashe, and the Use of Hardened Oil 
in Bread Making—Powdered Hydrogenated Oil—Atkinson—Hol¬ 
brook—Baking Powder (kintaining Hardened Oil—Burchenal's 
Method of Producing Lard-like Fats—Walker Method—Lehmann— 
Further Notes on the Presence of Nickel in Hardened Oil—Vuk— 
Gheorghiu—Nickel Free Fat—Increasing the Glycerine Content of 


Paces 


319-337 


338-357 



CONTENTS 


xi^c 


Oils—Schweitzer—Com Oil—Sayre—Crisco Plant—Joslin Purifica¬ 
tion Method—Wilbuschewitsch—Thompson on linseed, Soya Bean, 
Peanut, Cottonseed and Fish Oils—Salad Oil—Lowenstein—Water¬ 
holding Capacity of Hydrogenated Oils—Brauer—Nutritive Value 
of Butter Substitute Containing Hydrogenated Oil—Halliburton and 
Druniinond—Clayton—Pickard on Oleomargarine—Keebler—Koh- 
man, Godfrey & Asche—Vegetole—Armour—Bernegau—Freres— 
Ixwithin—Daughters. 

CHAPTER XV.— Uses of Htdbogenated Oils and Theih Utiliza¬ 
tion IN Soap Making. 

Applications of Hardened Oils—Fish Oils—Tsujimoto—^Whale 
Oil—Garth—Products of the Germania Olwerke—The Investi¬ 
gations of Schaal on the Uses of Hydrogenated Oils in the Manu¬ 
facture of Soap—Bergo—Limitations on the Uses of Hydrogenated 
Oil—Hauser—Ribot—Wclier—Muller — Fatty Acids of Hydro¬ 
genated Oils — Hajek — Garth — Tariff Ratings — Bohm — Cru- 
tolin Soaps—Hydrogenated Linseed Oil and Soaps Made from It— 
Linolith. 

CHAPTER XVI.— Uses of Hydrogenated Oils and Properties of 

Certain Hardened Products. 

Ittner—Fish and Whale Oil—Hydrogenated Torpedo Liver Oil— 
White—Tsujknoto—Shark Liver Oil—Calamary Oil—Ueno—Schuck 
—Knorre—Results of Using Fish Oil in Making Soap—Properties of 
Fatty Acids of Hardenial Fish and Whale Oil—Polymerized and 
Hydrogenated Oils—Dubovitz—Production of Stearine—Bontoux— 
Fat Splitting—Soap Formulas—Schaal—Davidsohn—Demand for 
Hardened Oil—Schrauth—Schrapinger—Hardened Chinese Wood 
Oil—Levinstein—Sulphonated Oils—Karite Butter—Aoura—Heim 
—Hebert—Padoa and Dalla—Schmitz—Lubricants Containing 
Hardened Oil—Krist—Brooks’ Proceas of Hydrogenating Rosin— 
Reuter—Hardened Oil in Paints—Cordes—Electrical Condensers— 
Hardened Oil in Pharmaev—Lackey and Sayre—Hardened Com Oil 
—Fox—Mixtures of Hardened Oil and Non-fatty Material—^Ellis— 
Sad tier. 

CHAPTER XVII.— Hydrogenation Practice . 

Catalyzer Apparatus—Hydrogenation Plant—Precautions to be 
Observed—Simple Type of Converter—Temperature Control— 
Filtration. 

CHAPTER XVIII.— ^The Hydrogenation of Petroleum. 

Experiments of Winckler—California Petroleum—Nickel Oxide 
and Other Catalyzers—Snelling—Colloidal Carbon and Nickel— 
Other Methods of Using Nickel Catalyzer—Planes, Ltd.—White— 
Evans—Porges and Stransky—Oxides of Lead and Nickel—Chichi- 
babin—Heyl and. Baker—Schering—Franke—Iron, Nickel, Chro¬ 
mium and Platinum—Holcgreber—Ellis and Wells—Deodorizing 




358-389 


39(M11 


412-417 


418-438 







CONTENTS 


Gasoline by Hydrogenation—^Tinkler and Qiallcnger—Danekwardt— 
Teatelin and Renard—Moeller and Woltereek—Process of Uadische 
Co.—Brooks, Bacon, Padget and Humphrey—Reduction in Olefine 
Content of Cracked Gasoline—Humphreys—Process of Porges, 
Stransky and Strache—Continental Caoutchouc and Gutta Percha 
Co.—Ultraviolet Rays—Experiments of Brooks—^\'alpy and Lucas 
Process—Catalyst for Cracking Petroleum Oil—iSabatier and Mailhe 
—Treatment of Gasoline with Nickel—The Hall Process—Use of 
Nickel Rods—Water a-s a Hydrogenating Agent—Lamplough Process' 
—^Higgins and Preston—Automobile Engine Fuel—Method of Low 
—Wells Process Using Molten Lead—Nickel Platerl Metal—Con¬ 
clusions of Whitaker and Ijfcslie—Bergius High-pressure Process— 
Billwillcr—Standard Oil Company—Use of Metal Plates as Catalytic 
Surfaces—Day’s Sulphur Process—Rostin and Forwood Method— 
Use of Hydrogen Sulphate—Simplex Refining Company—Brown’s 
Apparatus—Downing and Pohlman—Dayidson and Ford—Cherry’s 
Electric Process—Hirt—Coast—Thompson’s Catalyzer—Organic 
.Salts of Nickel—Experiments of Cross—^Rittman and Jolicard— 
—Zerning—Cracking 'Tars and Oils. 

CHAPTER XIX. —The Hydbookn Phoblem in Oil-habpening_ 

Hydrogen Requirements of Oils—Sources of Hydrogen—By- 
Product Hydrogen—Water Gas—Coke Oven Gas—Walter’s Con¬ 
clusions. 

CHAPTER XX. —Water Gas as a Source of Hydrogen and the 

Replacement of Carbon Monoxide by Hydrogen. 

Reaction of Carbon Monoxide with Lime in the Presence of 
Steam—^Engles—Tessie du Motay—Chem. Fabrik Griesheim 
Elcktron—Merz and Weith—Jermanowski—Hembert and Henry 
Process—Mond and Langer—Elworthy—Ellis and Eldred—Dief- 
fenbach and Moldenhaucr—Niiher and Muller—Pullman—Miscel¬ 
laneous Processes Involving Interaction between Carbon Monoxide 
and Steam—Bosch and Wild—Use of Nickel or Cobalt Catalyzer— 
Other Methods Employed by Badlsche Co.—Ellis Process—Griesheim 
Elektron—Vignon Method—Buchanan and Maxted—Use of Alkali 
Ferrite—Siedler and Henke Process. 

CHAPTER XXL—Liquefaction and Other Methods for the 

Removal of Carbon Monoxide. 

Principle of Liquefaction by Compression—Hildebrandt—Linde 
System—Liquefaction Apparatus—Claude—^Jouve and Gautier— 
—^Vignon—Absorption of Carbon Monoxide by Chemical Agents— 
Frank Process—Claude Apparatus—Method of Separating Hydro¬ 
gen—^Badische Co.—Mewes. 

CHAPTER XXII,—Hydrogen by the DECOMPOsmoN of Hydro¬ 
carbons . 

Effect of Heat on Hydrocarbons—^Acetylene—Pictet—Car- 
bonium Company—^Wachtolf—Geisenberger—Decomposition of Oils 


ifitV 

Pages 


44(M43 

444-459 


460-470 


471-484 






CONTENTS 


—Rincker and Wolter System—Occhcthaiisnr—Piatet’s Oil Process— 
Decomposition of Natural (las—Frank’s Process—Rose—Herman— 
Mittasch and Schneider—Use of Nickel—Brownlee and Uhlingor— 
Production of Hydrogen and Carbon Black—Bacon, Brooks and 
Clark — Ellts Process — Modified Rincker-Wolter Process — Barth 
System—Snelling Method—Brunner’s Apparatus. 

CHAPTER XXIII.— Hydrogen by the Action of Steam on Heated 

Metals ...: . 

Reaction of Steam with Iron—Ciiffard—Lewes Process—Dellwik- 
Fleischcr System—Lane Process—Proce-sses Devised by Messer- 
schmitt—Elworthy—Internationale, Wasserstoff-Akticn-Cesellsclmft 
—Straehe System—Diellenbach and Moldenhauer —Badisehe Co.— 
Belou—Vignon’s A))i)arat us—Effect of Passing Steam through 
Molten Metal—Gerhartz—.laubcrt Method—Acceleration of the 
Reaction by Catalytic Agents—Saubermann—(lautier and Claus- 
mann—Messerschmitt Process and Improved Types of A]>])aratus— 
Niiher and Nodmg—Spitzer Cenerator—Schaefer^Producer-'-The 
Dempster System —Triple Furnace of Bosch—Dicke—Maxted and 
Hidsdale — Pintseh — .laubert — Ilooton — Tully Proce.ss — Mul- 
tiifie Itetort System Imiiroved Equipment Company—-Bergius and 
Posen—Process of Berlin Anhaltischc Mtisch. A.G. ’ 

CHAPI’ER XXIV.— Action op Acids on Metals . 

Cost of Generation—By-products—Barton System—Method 
Used by Pratis and Marengo—Proposal ol Bruno—Stuart Scrap 
Iron Method—Becquevort and Deguide—Curran. 

CHAPTER XXV.— Miscellaneous Methods ok Hydrogen Gen¬ 
eration . 

Foesterling and Philipp—Brindley—Calcium Hydride—.laubert 
—Bamberger, Bock and Wanz—Reaction betwwn Zinc Dust and 
Calcium Hydrate—Sehwart,z—The Hydrogenit Process—.laubert,— 
The Silicol Process—The Hydrik Process—Maurichcau-Beaupre— 
Chem. Fab. Greisheim Elcktron -llyeno—Majcrt and Richter Sys¬ 
tem—The Lahouasc Barium Sulphide Process—The Bergius High- 
pressure System—Sabatier Process—Baillio—De la Fresnaye and 
Suchy—Kessener—Snelling Diffu.sion Process—^Wussow—The Curme 
Method—Scholl—Oyobigawa—(iuentin and Gullien—Helbig—Acti¬ 
vation of Aluminum—'Hamlin—Hydrogen for Military Balloons— 
Fourniols—Barnitz—Seeker—Bontoux—Sander—Redgrave—Ardery 
—Hydrogen Gas in Aeronautics—Oossley—Kausch—Process of 
Teissier and Chaillaux. 

CHAPTER XXVL—Hydrogen and OtCYGEN by Electrolysis op 

Water. 

Principles Involved in Generating Hydrogen and Oxygen by 
Electrolysis—Work of D’Arsonval, Latchinoff and Renard—Schmidt 
Multiple-cell Apparatus—Shrivel Oxy-hydrogen Generator—Schoop 


I^EH 


485-514 


515-518 


519-535 


536-589 







CONTENTS 


XVll 


Pages 

Rystom—Principle of Oaruti Generator—Types of Garuti Apparatus 
—Siemens and Oba<h Oil—Fischer, Ivuening and Collins—The 
Schuckert System—Principle of the Schui^keri Cell—Installation and 
Oiwrating Features—Hotary Apparatus Deviwid by Aitpier—Cowper 
—Coles—Miscellaneous Forms of the Multiplocell Generator—Tom- 
masini Cell—Vareille Apparatus—1'he Hurdett SysU*m—Tlfe System 
of the International Oxygen Cki—BetUaidorf Plant—National 
Ox-hydric (kimpany—Mtslified Apparatus of International Oxygen 
Co.—Multiple Type--Sectional Type—Shnver A])paratus—Oerlikon 
—Schmidt Kleotrolyzer—Oohmen-- Levin Generator—Klectrolabs 
System—('ompact Sectional I'orm of h^lectrolyzer—Grifiin’s Appura^ 
tus—Kato—Halter—Tlie Davis-Hournonville (k). Electrolyzer— 

Swartley S<‘parator—Method of Ass<*mb)ing—System of Automatic 
Ckintrol of Davis-Uoiirnonville Co.—Jones (kJI—%Shaw—Hepburn-- 
Frazer Generator—Jaubert—Mueller and Howlands. 

CTTAPTEIi XXVI?.—Phe CAUTIONS IN JIaNDI.INO Ilyi>UO(3RN. SAFETY 

Demces. PuHiFicATioN OF Gas.59(H)03 

Davy Wire Gauze—Glass Wool—Hovnton’s D(‘vice—Steel Wool 
—()hmann—Ivxplosions Wh(‘n (kimpressing—Bramkamp—lA'Iarge— 

Summary of Methods of Making and Ihmdiing Hydrogen—Purifica¬ 
tion of Hydrogi'ii—Badischo Co.—Himard—Wi*nzki—Hubenalt— 

Knowles Sysliun—Frank Proci'ss—Pressun* Pnrificfition Method of 
Boseh and Wild—Badische Co —So(e L’Air Li<piid(*—hJectrieully- 
heated Apparatus of Knowles—Siemens and Halske—Itemoval of 
Oxygen- LI(‘n() and Kiniura - Use of High Pressure A])paratus- Pier— 

F]ffecls of the Presence of Hydrogen in Eleclrfilytic Oxyge^n Bureau of 
Mines California Commission Hydrogen with Small Penientages of 
Oxygon, a‘Ck)inparatively Non-hazardous Product—Wohler Hegula- 
tions m Germany—Hammond’s Apparatus to Prevent Polarity He- 
versal—The Undcrwriti'rs Laboratxiric's—Tentative Standards for 


Oxygen and Hydrogen—Oil Hardening Tank Explosion. 

APPENDIX A . 605-029 

Hvdrogenated Oil Patent Litigation. Nonnann Patent—Asser¬ 
tion of Olwerke Germania. 

APPENDIX B . 030-707 

Edible Hydrogenated Fats. Patent litigation. Crisco and 
Kream-Knsp. h^rly History of Hydrogenation—Oosfield—Kayser 
—Burchenal—Proctor and Gamble—Berlin Mills Co—Constitution 


of Hydrogenated Oils—Decision of Judge Hand—Comments on the 
Crisco Case. 


INDEX.. .. 


711-707 










THE HYDROGENATION OE OILS 


CHAPTER I 

METHODS OF HYDROGENATION • 

For years the dream of the oil clicmist was to find a solution to the 
problem of eonverting oleic acid into stearic acid, or olein into stearin, 
simply by the addition of hydrogen, so as to make valuable hard fats 
from relatively clu^ap raw material. Su])crficially the problem looked 
simple. Oleic acid is the next door neighbor of stearic acid, apparently 
differing only in having a little less hydrogen than stearic acid has in 
its constitution. Only a trifling amount of hydrogen, less than one 
p(;r cent, is recjuireA to transform oleic into stearic acid. 

But the probhnn was far from simple as oleic acid stubbornly resisted 
the invasion of hydrogen into its structure to any material extent und(T 
the ea^er methods of hydrogen addition, and not until recent years, 
with'the discovery of effective hydrogen carriers or catalyzers, has it 
become jiossible to bring about this conversion economically with large 
yields so as to warrant commercial exploitation in an ext(msiv(^ way. 

Now the [iroblem is solved, and in different i)arts of the globe dozens 
of plants turning out daily enormous quantities of “ hardene.d oil ” jirc- 
pared by the treatment of v<!getable or other oil with hydrogen have 
been established.* So eagerly has the oil handling world lent itself to 
the idea that already the stearin market has lost its firmness and mu(di 
speculation is rampant as to the nature of price readjustments which 
perhaps are on the way. Unquestionably hydrogenated or hardened 
oil has taken its place in the oil market as a stajile product. 

A Review or the AKT.t+ 

Many attempts to hydrogenate oleic acid have been made. Re¬ 
viewing this subject in 1897 § Lewkowitsch refers to the ease with 

* A list of over twenty firms in different parts of the world having plants for 
hardening oUh is found in Scifensieilcr Zeitimg, 1914, 349. 

t See Ellis, J. S. C. I., 1912, 1155;' J. Ind. Eng. Chem,, 1913, 95; The American 
Perfumer, 1913. 

t The production of stearic acid and other acids or products of high melting point 
from oleic acid is discussed by Hefter, Technologic der Fette und Ole, Vol. Ill, 
7S5 and 994; also by Ubbelohde und Goldschmidt, Handbuch der Chemie und 
Technologic der Ole und Fette, Vol. Ill, 152. 

§ J. S. C. I., 389 (1897). 
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which the lower memljers of the oleic series are converted into satu¬ 
rated acids and states that “ oleic acid its(df resists all attempts at 
hydroKcnization,” further remarkinK that he had “ carried out a large 
number of experiments in this direction under most varieii conditions, 
but hitherto all of these gave negative results.” 

Prior to t^fis, however, Goldschmidt, in 1875,* had reduced oleic 
acid by means of hydriodic acid and amorphous phosphorus at 
200° to 210° C. This presumably led to the attempted commercial 
development of a process by de Wilde and Reychlerf involving heating 
oleic acid to 280° C. with 1 per cent of iodine, adding and melting 
therein a certain quantity of tallow soap, and then boiling with acidu¬ 
lated water. The product was then distilled and the iodine, in part, 
recovered from the pitch. The yield of stearic acid or saturated fat 
is stated to be approximately 70 per cent of the theoretical. Only 
about two-thirds of the iodine could Ix! recovered so the process appar¬ 
ently did not find technical usc.J Should the much lauded method 
of treating kelp, primarily for obtaining potash salts, come into use, a 
cheap supply of iodine would be available which might then make the 
Wilde and Reychler process of some technical interest. 

(Ihlorine in lieu of iodine has been tried, but great difficulty has been 
experienced in securing an autoclave of resistant material. Imbert § 
recommends using quantities of chlorine and alkali exactly calculated 
on the iodine number of the fatty acid and operating at a temperature 
of 120° to 150° CL and a pressure of about five atmospheres for a period 
of six hours. 

Zurrer || chlorinates the fatty acid and then heats with water in the 
presence of a finely-divided metal, as zinc or iron. Lewkowitsch alleges 
that the treatment of monochlor-stearie acid in this manner causes a 
reversion to oleic acid. 

Tissier, in 1897,1] lays claim to a process for the reduction of oleic 
acid by nascent hydrogen. Powdered metallic zinc is placed in an auto¬ 
clave, water and the fatty material containing olein being introduced, 
and treated under pressure. 

Under the circumstances the glyceride is hydrolyzed to fatty acid 
and glycerine, and according to Tissier nascent hydrogen is evolved by 

• Sitz. b. d. Wiener Akad. d. Wias., 72, 366. 

t Bull. Soc. Chim. 131, 1, 295 (1889). 

I Chem. Ztg., 1889, 595. 

i U. S. Patent No. 901,905, October 20, 1908; see also Bull. Soc. Chim., 1899, 
695, 707. 

II German Patent No. 62,407, August 8, 1891. 

H French Patent No. 263,158, January 16,1897. 
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virtue of the finely-divided metal and reduces the oleic to stearic acid. 
Freundlich and Rosauer * * * § claim the Tissier process to be inoperative. 

The conversion of oleic acid into palmitic and acetic acids by means 
of caustic potash in accordance with the Varentrapp reaction f has not 
proved to be of much commercial significance, although it appears 
that certain firms have been making use of the process in a limited way. 

The Schmidt zinc chloride process! involves heating oleic acid and 
zinc chloride at exactly 185° C. while interaction is taking place. 
“ Deviation from this point leads to an increase of liquid substance. 
Unfortunately the solid candle material must be distilled and the con¬ 
siderable proportion of 0-hydroxy-stearic acid (melting point 82° C.) 
in the crude product is seriously diminished by the partial conversion 
of this acid into oleic and iso-oleic acids. Thus, from a candle-maker’s 
point of view, a substance of high melting point is rendered practically 
valueh'ss. SchmidVs process was tried on the large scale in an Austrian 
candle works. The (piautity of liquid unsaponifiable substance ob- 
tainetl was, however, so large* that commercial success was out of the 
question.” 

Many processes based on the well-known action of sulfuric acid on 
oleic acid hav(“ iK'en proiwsed. Hydroxy-stearic acid is obtained by 
steaming the product. It would leail us too far from the present 
subject to enter into any further discussion of these reactions. 


]bi()CEs.sE,s Involving Application of Electricttt 

In 1886 Weineckl called attention to the possibility of electrolytic 
addition of hydrogen to oleic acid. Kuess i later attempted to apply 
the electric current in the steam distillation of fatty acids. 

In patents taken out by Magnier, Bragnier and Tissier,1| the fatty 
material is acidified wdth sulfuric acid, whereupon the acidified mass 
is mixed wdth 5 to 6 times its weight of water and then under a pressure 
of 5 atmospheres is subjected to the action of an electric current, which 
generates hytlrogcn in a nascent state. 

An interesting method of converting oleic into stearic acid is that 
comprised in the Hemptinne electric discharge process. The method 

• Chem. Ztg., 1900, 566. 

t J. S. C. I., 98 (1883), 200 (1884). 

{ Lewkowitsch, “Oils, Fats and Waxes,” p. 664. 

§ Osterr. Privil., 10, 400 (July 19, 1886). 

11 Chem. Ztg., 1896, 618. 

H Briti.?h Patent 3363, 1900; German Patent 126,446, October 3, 1899, and 
additional German Patent 132,223. 
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is carried out t)y interposing a thin layer of the oil in the path of an 
electric discharge, while bringing hydrogen into contact wdth the oil.* 
Fig. 1 shows the arrangement of apparatus for this purpose. The 
conversion is efieeted in a chamber having an inlet pipe H, furnishing 
hydrogen under constant pre.s,surc. Oh'ic acid is supplied by a pipe 
0 to a sjjrinkling device which di.scharges the acitl onto a system of 
parallel plates consi.sting of the glass plates (I and alternately the metal 
plat.es M, N. The metal ])lates M are eonneet.ed to one ]wle, t.he 
others, N, Ixdng conne(‘t(‘d with the other pole of a source of electricity. 



As the oil passes over the i)lates the electrical discharge' causes con¬ 
version of some oleic acid into stearic acid, and analogous eomivounds 
having melting iioints in the neighborhood of (i!)° (’. 

lleniptinne [erefers to work at ])res.sures less than atmo.si)herie. 
The yield is lower at atmospheric i)ress\ire. By treatment, in this 
manner it is not difficult to secure a yield of 20 ])er cent of .stearic acid. 
Repeated treatment jicrmits even up to about 40 per cent yield. Here, 
as so often elsewhere, the effect of mass action becomes manifest and 
as the content of stearic acid increases the speed of reaction greatly 
decreases. Much better results are obtained by saturating to the 
extent of about 20 per cent, removing the stearic acid by pressing, 
when the oil of reduced stearic acid content is again subjected to the 
electric discharge, and a further 20 per cent yield obtained. The 
oleic residue contains liipiid (mndensation products amounting to 
about 40 per cent of the total weight. It is stated that the presence 
of these bodies does not impair the market value of what some one has 
termed “ electrocuted ” oleic acid. 


• U. S. Patent 797.112, Auguet 15, 1905. 
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Petersen * also Piidoavorod to reduce oleic acid to stearic acid by 
allowiiif; an electric current to act between nick('l electrodes on an 
alcoholic oleic acid solution, slightly acidulateil with sulfuric acid or 
Ijrcferably with hydrochloric acid. Hut the yield of stearic acid was 
small, even under th(' most favorable eonditions, and did not exceed 
15 to 20 jier cent. 

Petersen also einh'avonH to reduce sodium oh'ate in ariueous or 
alcoholic solution to the stearate. No .satisfactory results were 
obtained. 

C. F. Bohringer and Sohne t obtained by the same method much 
better results when using as catho(h-s, metallic electrodes, which were 
eovc'red with a sjeongy layer of the same metal. They recommend as 
cathode's idatinized jdatinum, and also palladium ('lectrodes covered 
with a spongy layc'r of iralladium-black. Nickel electrodes are not as 
effective. • 

Bruno WaserJ states that oleic acid or olein should be sulfonated 
and freed from free sulfuric acid before adding hydrogc'ii I'lectrically 
(cathodic reduction). As an examine, one ('(piivah'iit of oleic acid is 
mixed with two or thrc'e ecpiivalents of 95 jeer cent sulfcirh^ acid, the 
t'CmiK'ratui-e not being permitted to advance morcc than 5 degn'cs. The 
mixture is allowed to stand 24 hours, is then waslu'd with ice cold 
water and dissolved in boiling water. This solution sc'rves as catho- 
lytc, a 50 per cent sulfuric solution being the anode li(iuid. A di- 
ajihragm seirarates lead eh'ctrodes. 'l'h(' temperature is maintained 
at 90° to 100° ('. with a current density of 25 to 100 am])eres per 
square decimeter, giving 60 to 70 ])er cent conversion to stearic acid. 

HyniuKiENATioN BY ('atabytio Action 

Kolbe § in 1871 states that Saytzeff reduct'd nitrobenzol to aniline 
by jiassing the vapors of the former, mingled with hydrogen, over 
palladium-black. 

About twenty-five years later Sabatier and Senderens began their 
classic study of nickel and other metallic eatalyzt'rs. 

The work of Sabatier and Senderens I laid the foundation for the 

* Z, Elektrochcmic, 1905, 549. 

t German Patents 187,78.S, 189,.432, 1909 

i German Patent 247,454, March 24, 1911, and Seifen. Ztg., 1912, 661. 

§ J. prakt. Chein. [2], 4, 418 (1871). 

II Sabatier and Senderens published the results of their earlier work in Comp, 
rend., 132 , 210, 566 and 1254. A very complete description of their investigations 
appears in Ann. de Chim. et de Phvs., 1905 ( 8 ), 4 , 319-488. See also Mailhe Chem. 
Ztg., 1907 (31), 1083, 1096, 1117, 1146 and 1158; Chem. Ztg., 1908 (32), 229 and 
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present processes of hydrogenation of oils. These distinguished 
elieinists first recognized the effectiveness of nick('! and certain other 
metals as carriers of hydrogen and they elaborated a seric^s of brilliant 
experiments extending over a numl)er of years, which demonstrated 
that unsaturated compounds, that is, bodies lacking in hydrogen, could 
be saturated'or given the full nuota of hydrogen by contact with this 
gas in the presence of a catalyzer or carrier, such as finely-divided 
nickel. By their painstaking labors the reaction was shown to be one 
of general application. 

Fig. 2 shows the apparatus used by these investigators in the- hydro¬ 
genation of bodies capable of vaporization. In this ajijiaratus, 1 is 



a hydrogen generator; 2 and 3 are wash bottles; 4 is a vaporizer 
containing the substance to be converted into a vapor; 5 is a hydro¬ 
gen chamber containing nickel catalyzer and heated by an oil bath; 
and 6 is a condenser. 

While a good deal of work has been done on the hydrogenation of 
fatty oils, the literature on the subject is not very profuse and only 
through the patents which have been issued can we gather from any 

244; WilUtiitter and Mayer, Bcr., 1908 (41), 2199; Paal and Amberger, Ber., 1905 
(38), 1406 and 2414: Paal and Gerum, Ber., 1907 (40), 2209; 1908 (41), 813 and 
2273; 1909 (42), 1553; Paal and Hartmann, Ber., 1909 (42), 2239; Paal and Roth, 
Ber., 1908 (41), 2282; 1909 (42), 1541; Ipatiew, Ber., 1902 (35), 1047; 1904 (37), 
2961; Chem. Centralbl., 1906, II, 86; Ber., 1907 (40), 1270 and 1286; 1908 (41), 
991; 1909 (42), 2089, 2092 and 2100; Ipatiew, Jakowlew and Rakitin, Ber., 1908 
(41), 996; Ipatiew and Philipow, Ber., 1908 (41), 1001; Padoa and Carughi, Chem. 
Centralbl., 1906, II, 1011. 
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published records much that is enlightening as to some of the techni¬ 
cal developments in this industry. The patents concerned with the' 
matter have, moreover, been subjected to a great deal of scrutiny 
because of the alleged basic character of certain of them. For these 
reasons the remainder of this chapter pertains very largely to 
processes which have been covered by patents * * * § in thi^ country or 
abroad.! 

A (ierman Patent 139,4.57, of July 26, 1901, to J. B. Senderens, is 
probably tlu' first pat('nt record having to do with the reduction of 
organic bodies by hydrogen in the pn-sence of nickel catalyzers. This 
jiatent is for the |)ro(hiction of aniline from nitrobcnzol and involves 
pa.ssing tlu' latter body in the form of a vapor over heated nickel, 
copper, cobalt, iron or j)alladium in the presence of hydrogen. The 
hydrogen may b(‘ in the pur(> state or in the form of water-gas. 

Th(' first diselosufe of the i)()ssibility of hydrogenation of oils in a 
liquid state apparently comes from Leprince and Siveke.J In Eng¬ 
land a (a)rresponding patent 1.515, of 1903, was Issued to Normann § 
and th(' latter patent has become widely known becausi? of its alleged 
fundamental character. | 


• SivdiB (Zeitsrfi. f.'aii(j(^w. (IIkto., 191.5, No. 94, 784) reports 183 patents on oil 
lianlening of wtiirli Ihere arc 3.5 German; 22 French; 51 English; 33 Unite<i States; 
9 Ilclgmm; and 3.5 in other raruntrics. 

t Tlie ilhiHl rations inmiediatcly following are largely derived from the drawings of 
jiatent records or have been prepared from written dcseriptions. In some eases all 
detaits deemed unnecessary in the [lortrayal of the essential features of those proc- 
es8e.s have been omitted. The original rmirds should, of eourse, be consulted for 
details. — Author. 

t German Patent 141,029, August 14, 1902, Herforder Maschinenfett und 
Oelfabrik. 

§ This English patent is owned by a large soap manufacturing house, in England 
and has been passed on unfavorably by the courts. Sts' Appendix. 

II 5''he Seifensieder Zeitung (1913), 1272, states that German Patent 141,029 
(Leprince and ,Siveke) is controlling in that country so far as the use of metallic 
catalyzers for oil hardening is concerned, because this patent makes the first dis¬ 
closure of the hydrogenation of Isslies in the liquid state by simple addition of a 
catalyzer and introduction of hydrogen. According to the same journal (1913), 
119.5, the Brenien-Besigheiiner (llfabriken in Bremen has a large plant for the hydro¬ 
genation of fats and oils which at one time was not in use because of patent disputes 
between this concern and the Germania Company. The Bremen Company has 
made arrangements with the patent owners and is now operating the Bremen plant. 
(Scifen. Ztg. (1913), 1273.) 

Leprince and Siveke (German Patent 141,029 was assigned on July 22, 1910, 
to Joseph Crosfield & Sons, Ltd., of England and was again assigned on August 9, 
1911, to Naamlooze Venootsohaap Anton Jurgen’s Fabriken, Oas in Holland. Tlie 
latter concern on the 10th of July, 1911 founded the Oelwerke Germania, G. M. b. H., 
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at Emmerich, on the Rha«'. The plant is rc])ort<*d to have been put into operation 
in the Spring of 1912 — almost ten years after the application for German patent 
141,029. 

The contentions of Professor Erdmann (Scifen. Ztg. (1914), 32) present eer- 
tain points of interest. Koferring b) ({(Tinan Patent 141,029 which was ajiplied 
for in 1902 and granted in 1903, Erdmann states that eight years later — without 
being used reguiurly on a large scale in Germany — the rights were sold in England 
to Grosiield & Sons. Tlie requirements for the Riiccessful hardening of oils by the 
use of metallic nickel as a catalyst are regarded as having been here given for the; 
first time. 

The German i>atent apjdieation R. 02,300, IV, 12", of Bedford, hlrdmaiin and 
Williams for hydrogenating oils with the aid of nietalli<’ oxides, was entennl on Mar(di 
10, 1911, togetluT with the English priority of Dee. 20, 1910, a tinu* Ihf'refore when 
the Germania \V<Tke di<l not. exist. In addition, it is stated, Ik'dford and his col¬ 
leagues immediately started hi to net ually inal.eriahze tlu'ir original discoveries ari<i 
ideas on a largo scabs tluur (ixpcininental plant had l)ecn working for a considerable; 
jK'riod and in Germany at that, time oils liud not 1x^*n hardened on a manufacturing 
Bcul(‘. * 

Jt is not true, Erdmann states, that the jiroccsB of German patent 111,029 was 
the first, solution of the problem of the direct addition of hydrogen to unsaturated 
fatty bodies. It does not eover the direet a<hlition of hydrogen — a jiroeess for 
the direct u<l(liti<)n of free hydrog('n by iiauins of a eatalyst involves a eonfra<liel ion 
of terms — but aims at th(‘ indirect addition to an unsuturulcd fatty substanci; 
by means of a (^utalyth; ]iy<lrog(‘n earner in ]u.st. the same way as this had alreaily 
b('on accomplisliod jireviously by Karl Peters (Monatsls'fte f C'hemii', bSSO [7], 552), 
and Heforinatoky (J. prakt (3iemu‘ N. S., 1890 [41], 437} m the hydrogenation of 
oleic acid to atoaric; aihl by the use of iodim; as the hyilr()g(‘ii carrier. 

At the time of the application for German pat.ent 141,029 — that is, in 1902 — 
Erdmann observes that t he transformation of unsaiuratod compounds contame^d in 
liquids t.o saturated compounds by means of tlie introihiction of free hydrogen into 
th(! liquid with the aid of a catalyst wasnot entirely unknown. For example, in 1873, 
Saytzeff (in Kolbe’s lalioratory) obtained aminoplienol and rnethylamin by the in¬ 
troduction of free hydrogen into a solution of nitrephfmol or nitrom(‘thane in the 
pnwnec of finely-divided jialladiuni. (See J. prakt. Chemie.. N. S. iO], 128 } In 
practically the same way, oleic acid coul<! l>e clianged to stearic acid as i''okin later 
sliowTil (C'hem. Ccntralbl. (1907), 11, 1324). Hcne.c Erdmann claims it is not true 
that the existence of the discovery rcpri'sentcd by German patent 141,020 can he 
looked upon as the first time that a means was found to saturate unsaturat(*(l sub¬ 
stances in the liquid state by means of free hydrogen. 

In case any discovery can be found set forth in Patent 141,029 — which according 
to the statements of the English courts is at least very questionable — the new 
idea, Erdmann contcmls, can only be that the two steps: 

(a) Hydrogenation of liquid tyrganic substance by the introduction of free hydro¬ 
gen in the presence of a finely-divided metallic catalyst, and 
(&) Hydrogenation of unsaturated /oWy substances in the presence of a non- 
metallie or not finely-divide<i metallic catalyst, 
which steps w^re known separattdy, are combined with one another in this way, 
that fatty substances arc hydrogenate<i by' the introduction of free hydrogen in the 
presence of a finely-divided, metallic catalyst, particularly nickel which was already 
known to be a hydrogen carrier. Metals, also, — for example zinc—had been pro- 
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Nonnann states tiiat lie may carry out tlie liydropcnation of oils by 
treatment either in the form of vapors or as litiuids. In the former 
case the fatty acid vapors together with hydrogen may be caused to 
pass over catalytic material carried by a pumice stone support. This 
may be rejin'senti'd by Fig. 3 in which A is a bed containing granular 
pumice coated with a met.al catalyzer. 0 is an inlet fo»oil vnpiirs and 
H is an inlet for hydrogen. The mixture iias.ses through the tube A 
and the convcrteil material is withdrawn at B. Nonnann notes, 
however, that it is sufficiimt to expose the fat or fatty aedd in a liiiuid 



condition to the action of hydrogen and the catalytic substance. He 
states that, for instance, if line nickel iiowder obtained by th(‘ reduc¬ 
tion of nickel oxide in a current of hydrogem is added to oleic acid, 
the latter heated over an oil bath and a strong current of hydrogen 
caused to pass through it for a considerable time, the oleic acid may 
be completely converted into stearic acid. 

Fig. 4 shows very simiile apparatus, such as might have been used 
by Normann to this end. j 4 is a vessel containing oil 0 in which fine 
particles of nickel are suspended while a strong current of hydrogen 
from the pipe // affords the hydrogen requisite for reduction of the oil. 
By this means Normann treated the fatty acid of tallow, having an 

ixisod for the hydrogenation of oleic acid before 190.3 (compare Tiseier, Chem. Ztg., 
1899 [2.31, S22). 

Normann (Seifen. Ztg. (1913), 1381) regariU the employment of metal oxides 
or organic salts as catalyzers to fall within the 8Coi>e of the Leprince and Hiveko 
(Normann) Gcrmim patent 141,029, because of the reduction occurring when those 
metallic comiwunds are exposed to hydrogen in the hardening process. Moigon and 
BarUd.s (J. prakt. Chem. 1914, 290) supjiort Normann's contention. The assertions 
of Knimann regarding the existence of nickel suboxide when hardening oils with 
nickel oxide catalyzers are challenged by the Olwcrke Germania (Sciifen. Ztg. 1914, 
209) and it is claimed that metallic nickel forma under the conditions to which the 
oxide is subjected. In this connection, a brief review of Ipatieff’s work is given. 
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iodine number of 35 and melting at about 46, thereby converting it 
into a body of improved color having an iodine number of about 10 
I and a melting point of about 58. Normann also states that commer¬ 
cial gas mixtures, such as water-gas, may 
be used in lieu of pure hydrogen. 

The disclosures of the Normann patent 
arc, however, rather meagre and can hardly 
be ia)nsidered to comprehensividy traver.se 
the difficulti('s encountered in the practical 
hydrogenation of oils in a li(piid state. 

Day has brought out a process * in which 
he treats, not fatty oils, but hydrocarbon 
oils, with hydrogen in the presence of what 
he t.erms a porous absorptive substanca- 
nu'ntioning palladium * black, platinum 
si)onge, zinc dust, fuller’s ('arth and other 
clays. Fig. 5 shows oix' method proposed by Day to this end. 

The upi)(!r chamber A is filled with hydrocarbon oil, and porous ab¬ 
sorptive material, such as pallatlium black, is introduc('d into the inter¬ 




mediate chamber C by way of the plugged orifice D. Any air present 
in C may be expelled by flushing out with hyilrogen or an indifferent 
gas. Hydrogen is then admitted by the pipe II until the porous 


* U. S. Patent 820,089, .Inly 17, 1906. 






METHODS OF HYDROGENATION 


'11 


material has aljsorbeii its full (luota. Tlu- hydrogen gas may be 
admitted under a pressure of 100 )K)unds or more to the sciuare inch. 
When the })orou.s material in (’ has become jiroperly charged with 
hydrogen, the oil is allowed to run from the chamber A through the 
chamber C into the collecting chamber E. hydrogen being introduced 
as re(iuired by the II. , 

In the plac(> of hydrogen, Day states that ethylene or other hydrogen¬ 
carrying gas or vapor may be employed. By this treatment the dis¬ 
agreeable odor of hydrocarbon oil is in great part removed and the 
burning qualities of the oil improved. When palladium black is u.sed 
it is recommended that a proportion of one-half ounce to the gallon of 
oil be taken. 

Fig. 0 shows a modification of Day’s process. A is an oil still, in the 
lower part of which the perforat'd pljM' II serves for the admission 
of hydrogen. Palkdium black or other porous absorptive material 
forms a layer C, on a screen above the hydrogen inlet. <) shows the 
charge of oil. In operating this api)aratus the layer of material C is 
first charged with hydrogen and then oil run into the still. Distilla¬ 
tion is carried out while hydrogen gas is being forced through the 
absorptive material and oil.* 


* Tlie removal of sulfur from pi'trolcum is cffccled aceoniing to Si^hiller (U. 8. 
l’at('iit 5S0,(if)2, April D, 1897), by goiicratiiig hydrogen m a nascent eonditiorr in the 
oil during the drstillation of the latter. It. is elaiincd that sulfur is thus eliminated 
as hydrogen sulfide, /une ihist and an alkahm' hydrate, such as dry powdered 
caustic soda, are eiiiiiloyed to generate hydrogen. Those are added to the oil under¬ 
going distillation. Huston (U. S. Patent 480,40(1, Nov. 15, 1892) proposes to re¬ 
move sulfur by heating the vapors of a sulfur-containing petroleum oil admixed with 
steam to a temperature of 900'’ F. at which temperature it is said that the hydro¬ 
gen of the water vajior unib-s with the sulfur, forming hydrogen sulfide. Hawes 
(U. S. Patent 444,88.8, Jan. 20, 1891) avails of the same reaction and brings a mixture 
of vajior of hydrocarbon ami water into contact with gravel contained in a chamber 
whicli is heated to a temperature of 400° to 600° F. Dubbs (U. S. Patent 470,011, 
March 15, 1892) forces a gas rich in hyilrogen through oil in a still to remove sulfur 
as hydrogen sulfide. Stevens (U. S. Patent 414,601, Nov. 5, 1889) claims steam 
reacts with the sulfur present in iwtrolcum oils to form .sulfurous acid, while the 
hydrogen thus liberated combines with the carbon of the oil, resulting in an in¬ 
creased yield of light oil. See also Turner (U. S. Patent 1,046,683, Dec, 10,1912) and 
Noad (U. S. Patent 971,468, Sept. '27, 1910). Hall (U. S. Patent 362,672, Nov, 8, 
1887) use.s “converting surfaces” of granite. Wilkinson (U. S. Patent 145,707, 
Dec. 16, 1873) has specified the distillation of petroleum oils with hydrogen. 

The French patents to Sabatier, 400,141, and to Haller, Sabatier and Senderens, 
370,490, are of interest in this connection. 

In studying the effects of catalytic agents upon the decomposition of petroleum 
oils, 100 grams of coarsely powdered porous earthenware upon which nickel had been 
reduced in metallic form were impregnated with 10 to 12 grams of the oil, and heated 
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Tho British Patc'iit to Bedford and Williams, 2520, of 1907, contains 
probalily tlio first pulilishcd dcscrijition of a method of exposing oil to 
the action of hydrog(m by forming the oil in a spray or films in an 
atmosphere of hydrogen and in contact with a catalyzer of the nickel 
type. In this manner the i)atentees state they converted linseed oil 
into a hard f|p,t solidifying at 53° G. Oleic acid was converted into 
stearic, acid having a melting point of (>9° C., and paraffin wax they 
state had its solidifying i)oint raised 3° C. by the treatment. 

A peculiar manner of treatment has been shown by Schwoerer,* 
w'hich will be made clear by Fig. 7. The receptacle A , which is heated 
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by the steam jacket N, is provided with what Schwoerc'r calls a helical 
pan, .shown at H. The underside of the pan carries a Layer of nickelized 
asbestos. 0 is an inlet for oil and hydrogen, and D an outlet for the 
treated material. 

Schwoerer states that he first mixes fatty aeid and hydrogen by 
atomizing the oil with a jet of superheated .steam in the presence of 
hydrogen and conducts this mixture through the pipe 0, into the 
chamber A. The temperature maintained in the apparatus is from 

at rcgulateii temperatures from 180° to 500° G. in a current of hydrogen. 'I’he Raises 
were eolleeted ami analyzed, while the diatillate.s were compared with thewe obtained 
under parallel conditions, but without the presence of the catalytic agent. No 
lowering of the vapor pressure appeared to be caused by the eatalytic action. Vari¬ 
ous proportions (according to the partial pressure, temperature, etc.) of hydrogen, 
methane, ethane and heavy hydrocarbons were produced under the influence of 
the catalytic agent, while the distillates w'cre of quite different character from tiio.se 
yielded by the oil alone. Ubbclohde and Woronin, J, S. C. ]., 1911, 1242; Petro¬ 
leum 1911 [71, 9. 

• U. S. Patent 902,177, Oct. 27, 1908. 
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250° to 270° V. Vapors of oleic acid come in contact with the layer of 
catalyzer on the underside of the helical pan and are converted into 
stearic acid. The i)ro(luct collects, more or less, in the gutter of the 
helical pan and is removed at D. 

The reiieated caution given by Sabatier to bring in contact with the 
catalyzer only the raporx of the material, doubtless led^chwoerer to 
devise this form of apjjaratus. 

Bedford, ])resumably with the same caution of Sabatier in mind, 
(lisclos(-s, in i:. S. Patent !)4!),954, of Feb. 22, 1910, a process which 
also ha.s to do with valorization of the oily material. Fig. 8 shows the 
Bedford apparatus. A still or tower A carries two beds of catalyzer 
C and C'. 'Fhis is said to be preferably nickelized pumice. By means 
of hydrogen under pre.ssure. oleic acid is sprayed from th(‘ pipe 0, 
onto the catalyzer bed C. Hydrogen is admitted through the pipe H. 
A temperature of at^nit 200° ('. and a diminished pressure of abmit 50 
to 100 mm. is maintained in the still or tower A. The vapors of oleic 
acid mingled with hydrogen i)ass through the second catalyzer bed C, 
where more or less conversion occurs, then ])ass to the condenser I), and 
finally collect in the rece])tacle K. F is a connection to a vacuum 
pump. 

Neither tliis proce.ss nor that of Schwoerer is broadly applicable 
to the treatment, of glycerides as these cannot be vaporiz(‘d without 
undue decomi)osition.* 

Erdmann has taken out a (ierman Patent 211,(Mj9, of Jan. 19, 1907, 
involving passing an oil as spray or mist into a chamber containing 
nickel catalyzer supported on j)umice and the like. f'ig. 9 ])robably 
indicates one form suggested by Erdmann, who, by the way, does not 
show any drawings in the jiatent. Th(“ chamber A has a rotatable 
tiylimler B, which is coab'd with nickel catalyzi'r. In tlie bottom of 
the rece])tacle is a cpiantity of nickelized pumice. Oil enters at 0 and 
is atomized by hydrogen entering at II. 1 he atomized mixture im- 

jiinges upon the rotating cylind(*r B, then passes through tlu* bed C, 
the oil being drawn off at D. The excess of hydrogen is presumably 
vented in the upper i)art of the apparatus. 

* .Suhaf ier and Senderens, .\nnales <lft Chimic cl dc Physique [8], 4, 3.3.4 (1905), 
state that “Le nuttal uc soil jamais Kiouilld par an afflux (‘xcessif da liquids que 
I’on traits, oa a la .suite d’an ahaissemont accidentcl de la temperature da tube.” 
They further say that in the preparation of cyidohcxanol an<i its honiologuos from 
phenol or <Te.sol at a temperature but .slightly above the boiling points of the latter 
bodies, sometiiiKts by their eondeitsation, the nickel Iteoomes moistened and imme¬ 
diately becomes almost inactive, due, no doubt, to the surface becoming permanently 
changed in character by contact with the liquid phenol or cresol. 
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A second modification (Fig. 10) involves a tower A, filled with 
catalyzer C, which may he in the form of nickel supported on coarse 
fragnu'iits of pumice. By the pipe 0 oil is admitted to the chamber 
in an atomized or finely-divided .state. Hydrogem enters by the pipe 
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H. Erdmann state's that the temiieraturi' of freatme'ut should be 
from 170° to 1S0°C’. The treated oil is drawn off at D while the 
excess of hydrogen jiassi's away at B. 

In a supplement patent 221,890, of 1909, Erdmann recommends the 
steam distillation from the reaction chamber of the .saturated product 
under diminished jire.ssure. 

Vereinigte Chemische Werke A. G.* make use of a pallatlium cata¬ 
lyzer precipitated on an indifferent body as a carrier and recommend 
as carriers finely-divided metals which do not have anti-catalytic 
properties, also metal oxides and carbonates. Under these circum¬ 
stances it is stated that one jiart of palladium is sufficient to convert 
in a few hours 100,000 parts of oily material to a firm mass. They 
recommend the use of a hydrogen pressure of two to three atmospheres 
and a temperature somewhat above the solidification point of the 
saturated fat. They caution against arsenic, hydrogen phosphide 

* German Patent 236,488, Aug. 6, 1910; also British Patent 18,642, 1911. 
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and sulfide, rniuid li.ydnx-arlxms and carbon bisulfide, ("hloroform, 
acetone and fre(> mineral acids as lieinn destructive to the activity of 
the catalyzer. 

Kayser * describes a process of Ireatiu)!; oil with metallic catalyzer 
consistiiifT in iiK'chanically aKilating the oil and catalyzer in the 
presence of hydrog'cn, ])referably under pressure. Oi«' form of the 
a])])aratus indicated by Kayser for this purjxise is diaftrammatieally 
rein'csentcd by Fig. 11. 



I'm. II. 

Ih'red is a closed horizontal cylindrical vessel in whlc.h is a paddle 
wheel 1), made up of blades carrying wire gauze. The imddle wheel 
is rotated by a driving gear at H. In the upper part of the tank is an 
inlet for charging oil and presumably also the catalyzer, the oil being 
admitted to the tank in an amount sufficient to fill to perhaps one- 
fourth or one-fifth the imtirc capacity. Hydrogen is admitted at H 
and passes, by the three-way cock I, to the compression pump going 
from there to the treating receptaek;. At the opposite end of the tank 
is an exhaust pipe; L, carrying a blow-off valve M, for the purpose of 
venting the unabsorbed hydrogen. The temperature of treatment 
is stated to be about 150° to 160° C. Although the claims call for the 
use of hydrogen under pressure, no working pre.ssures art' specified. 
Fig. 12 shows diagrammatically one form of construction of the screen- 
covered paddle wheel used by Kayser. 

In another U. S. Patent 1,008,474, of Nov. 14, 1911, Kayser sets 


U. S. Patent 1,004,035, Sept. 26, 1011. 
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forth tho use of an inert jjulvernlent material such as kieselguhr as a 
carrier for the niek('l catalyzer, he apparently having (h'terraineil, as 
did Sabatier and others, that in some eases hydrogenation is more rapid 
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or eomplet(‘ when a carrier for the catalyzer is used; and he claims th(' 
process of hydrogenating oil involving agitation of a metal-impreg¬ 
nated inert pulverulent carrier (kieselguhr) with a fatty oil in the 

presence of hydrogen. It is commonly 
uiuh'rstood that tlu' Kayser ])roc('ss is 
in operation on a large scale in this 
country.* 

'IVo patents relating to tlu' spraying 
of oil into a chamber containing com¬ 
pressed hydrogen have attracted some 
attention abroad. One of these is 
British Patent 7720, of 1910, to Testrup, 
and the other is to Wilbuschewitch 
which finds its counterpart here in 
TI. S. Patent 1,024,758, of April 30, 
1912. Fig. 13 shows the elements of 
the Testrup process. 

Oil and catalyzer are pumped through 
the pipe 0 into the tank A, and hydrogen is admitted by the pipe II 
to furnish a gas pressure of, say, 15 atmospheres. The tubes H are 

* The Ka'Jfcc.r patcnta arc assigned to the Proctor and Gamble Co., which concern 
is a large producer of hardened oil. A product termed “Criseo” is used as a .sub¬ 
stitute for lard. 
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heated !)y .st('am anil the stirrer cireuliites the oil and catalyzer in 
the tank .1, until the oil has heeome heated and presiimahly some- 
'^hat h>dtofii'nated. the oil is allowed to pass into the adjaeent 
tank k, ('iitiTine this tank by the spray nozzle F. Hydrop'n pas is 
admitted to the tank h from the tank A, so as t-o afford a jiressure 
of, say, 12 atniosiiheres in the tank K. A series of tanks may be 
arranged with a eonstantly deer('a,sinp ])ressiire so that the dilTerential 
liressure enables the siiraying of the oil from tank to tank. Testru]-) 
slates that s))rayinp the material ten or fifteen times is siitfieient to 
liriiip an oil of an iodine number of 110 down to an iodine number 
of ,■)(). 



AceimliiiK to one form omployinp; the appanUus sliown in Fip. M, and treating 
e.ottonseed oil, the oil, mixed witli a suitulile eontaet. Kulxstanee, rucIi as finely- 
divided palladium or jireierably niekcl, is plaeisl in a ve.ssel « provided witti a .stir¬ 
ring deviee h eompri.sing blades or like elements fixi'd t-o a vertieal and rotatable shaft 
c within it. Tlie amount of nickel may be about 2 to 3 per cent by weight. This 
vessel is prcfcralily jacketed aa at d, and is heated liy the passage of heated fluid 
through this jaeki't, .say to about IfiO*’ 0. From this chamber the oil is pumped by a 
pump (■ through a condmt/and enters a vessel p, which is jacketed and heated by tubes 
h, being al.so provided with a mixing device comprising a central tutie and propeller 
arrangement i. Hydrogen gas is supplied at high pressure from a reaervoir j through 
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a duct. /r. The vcshcI /; hitu an <'ducf / for flic iiuifcrial under tn'aliru'nt at its base 
and an cduct for hydrogen m providcnl with a valve 1 '}k‘ (iiict. ?// opt'iis 

into a v(‘ss<‘i o into which the oil from the vessel ff is sprayed by a sjuay nozzle p 
attaelied to the end of (lie <hjct / by the pressim* of the gas in the vessel (/. The oil 
and cat.alyst lliiis oxj)os<'<i t.o tlu* action of tlie gus fail into the lijuse of thi‘ v(*ssei o 
to 1)(‘ forced by the jin'ssure of tlie gas thtTeiii through a duet to a nozzh* r in another 
vosH(‘l « wh(‘rein the ojieraiion is repoaUxl. Several siadi vessels are arranged in this 
way in casead(‘, all being jaeketed to allow of maintaining the (h'sired t('ni{>erature. 
'rhe last vi'Ksel I is pr<ivi<led witli any suitable eduet a f<»r the gas and an ediiel r for 
tin* treated oil and calalyst wldeh is jjussed to a filter press w in which the oil is 
se]jarat(‘d from the catalyst., the former passing by a duet ^ to a reservoir t/ and tli(‘ 
catalyst lieing returned to the vessel a for whieh [mrpose the chub' z may bf‘ utilized. 
Should tiu' cataiy.st have become coniammuied with nickel soap it may 1)C jiuriFied as 
by washing with acid. A storage tank for the mati’rial awaiting treatment is indi- 
culei] at 1 with its duct 2 leading to the vessel a. Caugw for noting the jiressure 3 and 
the level gaugi's 4 are also employed. Tl)(‘ temperature at whieh tlie react ion is eon- 
duet ed IS aliout HiO® t(i 170® and tlie pressure of the hydrogi'ii in g niny lie about 
lo atuKispheres, in o say 12 atinospher<‘s, the (lifference m pressure producing the 
spra\' 1'he pressure may similarly fall by 3 atmosplicres for each vessel It nia\' 
b(‘ neeessary to pass the sulistiuiee again through the iip- 
paratus or to proviih* several systems of lu'aters and 
sjiraying devie<'s in s<*ries in order to obtain the di'siri'd 
ri'siilt but by this process (h(‘ desiri'd number of rep(‘- 
t it ions can be carried out rapidly * 

Kv(‘n such a number of treatrrnmts are stated to re¬ 
quin* only about 30 minutes or li'.ss and the numbi’r <if 
trcatiiH'iits would depend largi'ly on the activity of the 
<*atalyst employed 

The Wilbuschewitch Patent itsolf details a 
rather complicated system, and Fig. 15 shows 
only what app(‘urs to h(‘ th(' (‘sstmtial feat.urc's 
of th(‘ treating uiijiaratus. Sev(‘ral tanlcs or 
autoclaves are connf'eted as shown at A and 
A', oil entering tlie toj) of the tank A by the 
pipe 0, to form a ^spray wdiich in descending 
meets an upward eurriuit of liydrogen entering by th(‘ pii)e H. The 
oil is drawn oft‘ through the pipe O', and sjjrayed into the tank A'. 
This time it meets a current of hydrogen represented by the excess of 
hydrogen coming from the tank A . The treated oil is drawm off and 
may be centrifuged to remove the catalyzer. A pressure of nine 
atmospheres is recommended and the pressures may be varied in the 
different tanks. 

* Swedish Patent 992, May 27, 1911 (IVchno Chemical Laboratories, Ltd ), on 
the hydrogenation of organic substances involving a process which e.s.sentially eon- 
sists in mixing catalyzer with the sukstanoe to be treated and in .subjecting the 
mixture in an atB^iized or finely-divided condition to the action of hydrogen, leads 



Fui. la. 




MimioDS OF hyoroCjenation 


ft) 

Of the Wilhusclicwitch procf'ss Goldschmidt * states that the high 
hydrogen jjressures emijloyod enable the reaction to take place (juickly 
at temperatures !)etwe(>n 100° ami 1{)0° (k, so that the fat is not likely 
to l)e injured by tlie t<'m])erature to which it is subjected. It should 
be stated that. s('V('ra] years ])revious to the dat(' of tlu' Wilbuscho- 
witcli jiatc'nt., li)atiew had noted and carefully studicul tlie action of 
increased pressure. 

Bedford and Williams have brought out an interesting process 
rejiresented by I'. S. Patent 1,020,339, of May M, 1912. Fig. Hi 
shows flu- aiijiaratus indicated liy Bedford and Williams for carrying 
out the iirocess. Oil is [daced in the receptacle /t, which is heated by 



a steam coil iS'. Metallic (u-n/c catalyzer is added, about 1 per cent 
being r<'conun<-nded, and hydrogen and oxygen or air is introduced 
by the i)ipe //. As a catalyzer, nickel oxide f is recommended and 
inst.ead of the customary hydrogenating teniperatun's of 150° to 
170° ('., a tenii)erat,ure of about 2.50° ('. is employed. While hydro¬ 
gen alone may be used for the pnrjiose, the inventors recomnnuid and 
claim treatim'iit of the oil with a mixture of hydrogen and oxygen to 
form hydroxy fatty acids or their glycerides. 

A process for the conversion of fatty acids or their glycerides into 
saturated bodies in which a finely-divided metal oxide serves as a 
catalyzer is described by Bedford, Williams and Erdmann, t and the 
reaction is carried out under pressures ranging from atmo.spheric 
pre.s.sure up to but not exceeding 20 atmospheres. Nickel oxide is 
esiMH'ially recommended as the catalytic material. 

the ciliter of Clien ik<'r Zeitung (t’hcm. Zi-it. Reii. (1913), 320) to make the comment 
that it ifi someHh.at qnestioimlile according to other investigalion.s which liave been 
made in this dircidion, whether this process is practical for the manufacture of 
edible fats and (he like. 

• Chem. Ztg., 1912, 945. 
t PrevioU.sly used by Ipatiow. 

} Siefen. Ztg., 1913, 1413. 
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ShukoS * (claims Hk' ])ro(u‘ss of hydrogciiatiiif; oils by mc'ans of nickel 
derived from the decomposition of nickel carljonyl. Tlu- carbonyl 
may 1>(> obtained from reduced metallic nickel by ])assing carbon 
monoxide over it at a low temperature. Nickel carbonyl is soluble in 
oil and is very readily taken uj) by gases. On heating to a tempera¬ 
ture of 200 degrees or so, the carbonyl is dceom])osed, setting free, in 
a nas(‘('nt stat(‘, metallic; nicked which acts as a catalyzer. Shukoff 
makes u.se of this reaction of nickel carbonyl by the rnc'thod indicatc'd 
hy Fig. 17. Oarhon monoxide is pa.ss(‘d by the pi])e (! into the tube 
B, containing finely-divided nickel and the nickel carbonyl formed is 
conducted to the oil (), which is heated to about ISO degrees. After 
sufiicicmt nicckel catalyzed’ has fornnsl in the oil, the carbon monoxide 
stream is cut off, the teunieeTature raise-el tee 220° eer 2d()° (', and hyelro- 
ge-n gas introelue-e-d by the pipe II to bring about hyelreige-natieen. 

Se-hukofl state-s if nie-ke-l e-arbeenyl in a gasee)us'e;onditie)!i or a iiicke-l- 
carbonyl-containing gas mixture- is e-eenelucte-el into ilie- mate-rial tei be 
re-elue-eel, which may be- e-ithe-r in a molte-n e-einelition or in .sediitiein in a 
suitable- solvent, it is founel, whe-n the- te-rape-ratiu’e aelvaiie-e-s be-yeenel 
the-temi)e-rature e)f elissociatieen e)f nie-ke-l e-arbeenyl, t.hat me-tallie- nie-ke-I 
in an e-xtre-mely fine-ly-eliviele-d .state- is se-parate-el anel that the- divisiem 
ol)taine-el in tliis way is .see fine as tee e-aeise- the- re-ae-tiou mixture- to 
aiipear black in color, anel the- se-jearate-el nie-ke-l se-ttle-s only afte-r ve-ry 
long staneling. As an e-xample: Info 8 kikeseif e-eefteense-e-el eiil warme-el 
tee 180° ('. a shew stre-ain eef 400 lif,e-rs of e-arbeen meeiieexide- is passe-el, 
whie-h carbon meenoxiele- has jere-vioeesly passe-el ove-r ji leeng hiye-r eef 
metallic nie-ke-l wurme-el to abeeut ()0°('.; fine-ly-eliviele-el ae-tive-nie-ke-l 
,se-parate-s in the- eeil; the- stre-am of e-arbeen meeneexiele- is the-n inte-r- 
rupte-el, the- te-mpe-rature- rai.se-el to 220° to 240° ('., anel hyelrogcn us 
a slow stre-am is run iieto the- mi.xture- eluring a pe-rieed eef five- tee six 
heeurs in an amount eef 2000 lite-rs. 4'he- rcae-tieen mixtui-e- een cooling 
is com]ile-te-ly harel; by filf ratieen f.hc nicke-1 can be- re-move-el anel the- 
proelue-t e-ve-ntually conve-rte-el into ste-arie- ae-iel. 

Day has taken out U. S. Patent 1,004,032, eef Oct. 3, 1911, supple- 
me-nting his earlier patent on the- treatme-nt of hyelrocarbon oils with 
hyelrogcn. In the- pre-se-nt instane-e- tedees packe-el with catalyzer arc 
placed in an eeil still in sue-h a manne-r that vapors from the- oil may pass 
through the catalyzer tube- in e-onjunctiem with hyelrogcn while- being 
supe-rheeate-el ley exterior contae-t eef the tulee-s with beeiling oil. 

An English Patent, 23,997, of 1909, to Phillips anel Bulteel claims, 

* German Patent 241,.823, ,Jan. IS, 1910. Se-<- alsee H. Kanip.s, Belgian Pjitc-nt 
246,975; Se-ife-n. Ztg., 1912, 1339. U. S. Patents, 738,303, 777,848 anel 943,627 are 
of incielcntal interest. 
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to convert miiu'iiil oils inl<i oils (»f lower s])ccHic j^ravity by heating 
with hvilrog('u in the irresenee of nickel or other ealalytie agents. 
They state that the inixtnre of oil, gas and eatalyst may be blown into 
a heated cylinder and the jet given a gyratory motion either by means 
of a nozzle revolving about its axis or by injeeting the mixt\ire tan¬ 
gentially to the ]K'ri])hery. In the latter ease they sftite that the 
cylinder may hav(' an axial core.* 

'I’lie (inn of H. Schlinck & Co., of Hamburg, Oennany.t hydrogenate 
oil by passage through a i-entrifuge, the drum of wdiieh carries a iiorous 
lining suiiportiug palhulium ealulyzer which offers a frictional resist¬ 
ance to the passagi- of the oil. Fig. IS shows a centrifugal drum a, 
which is closed at the top and can lx- healed. Oil and hydrogim are 
introduceil through the ])i))e h. Openings are provideil in the walls 
of lh(' drum in which is placed rough or jxtrous material covered w'ith 
])recipitat('(! palhidiBni. Several drums may be arranged in series 



* In the tn’utniciit ef hydrocarlxxis witli Kiipcrfieatcsl steam llausmann ami 
Piliil ((icnnaii Patent 227,ITS, IttO!)) rcconiTncnd as calalywi-s the oxhie.s of iron, 
leail, eeiiuiii nmi n.'anganc.sc, also iron sulfate and ealeintn nianganitcn HielipT 
(Geniian Patent 210',7('i0, 1(1111) makes use of active carlKin as a carrier for oxygen 
m tli(’ treatment of ]M'troieum ainl other oils. 1,offer (Urilish I’atent. 2328, 1912) 
di.slils ]ie1roleuni oil under 7 )re.ssure wliili' cireulating an inert gas through the body 
of oil in the stiil, l.(ffer mentions liydrogen among the inert gases suitable for 
the purpose. Lainpknigh (Ilritish Patent 19,702, 1912) proposes to effect reaction 
hetween petrok’um oil and water by jjassing a mixture of the vapors of tbe.se bodies 
ov<‘r rods of iniSallie niekel wbik* snbjeeting tin* vapors to a pressure and to a tein- 
pi’rafure apfiroaehing a dull nsl heat. Fiom 20 to tK) parts of water are used to IOC 
parts of oil. Dilidin and Woltereck (Brittsh Patent 19,152, 1901) bring a mixture 
of superliealed steam and ])ptroleum oil into contact wit.h iron, eopiier and other 
metals maintained at a bright orange bent to effect the simultaneous decomposition 
of the steam and bydroearlxni. They also mention (British Patent 2t),666, 1905) 
the use of “ptotoperoxide” of iron. 

t Briti.sh Patent .8147, 1911. Ilic corresponding patent in the United States is 
1,082,707, Dec. 30, 1913. 
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through which tlic oil iiuiy !>(■ caused to ])rogrc,ss until sufficiently 
hydrogenated. 

EUis * uses a stalionury catah zer, filling tubes with the material in 
granular form and allowing oil to flow through the tubes while passing 
hydrogen in an oiiiJosito direction. Fig. IS) shows a tliree-secdion 
apparat us u'^ith the catalyzer tubes T, T' and 7’-, heated by the jae.kets 
AS'. Oil from tank () flows through the ap])aratus while hydrogen, 
admitted by the ])i])e //, pa.sses through in an opjjosite direction. 
The arrang('ment perniiLs of differential healing so that, for e.\ami)le, 
the oil may lx* healt'd to a temperature corresiionding to its particular 
degre(' of hydrogenalion at any given point, enabling a hydrogenated 
produi-t fr(‘e from " burnt ” odor lo be obfaiiu'd. hig. 20 shows a ver¬ 
tical form of api)aratus, the catalyzer being shown at (' in the tube A. 



Flu. -M. Fiu. 21 , 


Oil is introduced by the jiiiie (), and ])asses into the tube or cylinder .t. 
The iiumj) J' causes oil to circulate from the top to the bottom of 
the apparatus t hrough the jhpe B. Hydrogen gas admitted at // is 
pumped into the bottom of the cylinder .1, and tin' e.xcess is withdrawn 
at the top by the pipe I), ]m.ssing through l.he drier /f, and back into 
the treating cylinder. Oil may be continuously fed through the iiipe 
0 in the upper part and the treated product withdrawn at the same 
rate at the lowc'r part of tlu> aiiparatins. 

In another form t of the apparatus, the catalyzer is placed in trays 
or baskets as shown by Fig. 21 at C. The oil travels in a cyclic jiatli 
downward through several layers of catalyzer, and hydrogen gas pas.s('s 
in an opposite direction. Separation of th(“ catalyzer in layers in this 
manner enables the hydrogen to pass more uniformly through the 

• U. S. Patent 1,028,156, May 14, 1912. See also U. S. Patent 1,0.52,469, Feb. 
11, 1913. 

t U. S. Patent 1,040,531, Oct. 8,1912. 
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catalyzer bed. If the catalyzer forms a bed of eon.siderable dejith and 
wirlth, the gas in taking tlie path of least resistance? is liable not to 
come in contact with some parts of the bed. 

The activity of a projierly made <‘atalyzer is oftentimes suri)rising. 
In the case of a stationary catalyzer the author has noted in.stances of 
hydrogemation where oil is converted into a hardened fat by scarcely 
more than momentary contact with tlie catalyzer. 

I' ig. 22 shows a pliotograph of a small laboratory apparatus for test¬ 
ing catalyzers, con.si.siing of an inclined tube containing the? catalyzer 
and carried in a heating jacket. Oil is ailmith'd at tin? right and 
hydrogen at the left-hand end. Fig. 23 shows the catalyzer tube at 
the right from which extends a horizontal tube supplying hydrogen 
to the catalyzer tube. 



Fia. 22. 


When using a new type of catalyzer the author started to pass oil 
through the catalyzer tube and found hydrogen to be ab.sorbed so 
vigorously by t he oil that instead of ])assing off through an oil seal at 
the lowci- end of the inclined catalyzer tube, the oil, curiously enough, 
was im])elled against the si.rong current of hydrogen passing through 
the horizontal tube, rushing through it to the jxjint indicated by the 
hand of the o[)('rat(jr (Fig. 23) and there solidifying, actually being 
well hydrogenated from its brief passage through the apparatus. A 
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peculiar feature was the advance of the oil from th(> tube containing 
catalyzer far into the tube through which only the hydrogen W'as 
entering the ajjparatus. The travel of the oil along Ihe hydrogen- 
supplying pipe in opposition to a rajjid curnnit of hydrogen indicates 
the possibility of hydrogenating in a very short time, providt'd a cata¬ 
lyzer of a higli degree of activity is secured. 



Fm. 2H, 


On the other hand, some catalyzers of the nickel and cobalt type 
when first lirought into contact with oil and hydrogen show for a time 
a certain degn-e of sluggishness, but aft(>r a period, their activity 
rather suddenly augments and thenceforth remains ajjparent for a 
long period. This sluggishness should not l)e confounded with the 
seeming initial inactivity in the hydrogenation of oils containing con¬ 
siderable linolein or other highly unsaturated bodie.s. In .such cases 
the rate of “ hardening ” (increase in melting point) is slow at first 
and later [irogresscs more rapidly. Hydrogenation, in some cases at 
least, apparently ])roceeds selectively wdtli initial formation of olein 
from linolein. I,ater the olein is transformed into stearin with the 
observed more rapid increase of titer.* 

* Mailhc (Rev. Rcn. des Reicneps, 1913, 053) makes iKit.e lhat lie li.a.s seen cotton- 
Beed oil hardened to a higli titer by twenty minutes exjiosui'e to hydrogen and cata- ^ 
lytic material. 
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Marcusmn and Mvyirhrini * liavo rcaclicd thn ('onclusion that fish . 
oil (trail) doi's not hydrogoiiate solectivel}''or by stagos, that is to say, 
the more highly unsaturatod conijiononts do not largcb' take u]) hydro- 
gi'ii ln'forc olein becomes converted into stearin. A certain jiercentagi' 
of the highly iiiisaturated fatly acids remain (>ven aftcT a large propor¬ 
tion of the oleic acid has been transformed into stearic acid. Tlie inner 
iodine luimlicr (iodine numlier of tlie lii]uid fatty acids) of a sanijile of 
liardeneil trail was found to lie 107, wliicli result led to tlie foregoing 
conclusion. 

Ellis t efb'cts a con.stant circulation and contact of tlie liydrogen 
gas in accordance witli tlie method sliown liy lug. 2't. I'lie tank A 
I'ontains a liody oil (I, tlie space aliove tlie oil lieiiig filled with hydro¬ 
gen under any suitable iiri'ssiirc. 'I'lic tank is lii'ated by the jacket .S'. 

,\ ]iumii withdraws the hydrogen from the iijiper [lart of the tank 
and impels it through the ]iipe 1) into the lower jiart of the tank. The 
laitalyzcr is adiled to thi' oil when the (iroper temperature is reached 
and Hie constant bubbling of a stream of hydrogen througb the oil 
causes intimate contact between the reacting elements. Afli'r the 



ojieratioii is completed, the porous plate, fastened to a movable stem 
in the ujiper part of the tank, may be depressed to fit into the bottom 
of the conical base' so that when the oil is withdrawn a good portion of 
the catalyzer remains without exposure to the air and may be used 
with iierhaps a small addition of fresh catalyzer fur the treatment 
of a succeeding charge of oil. 

In U. S. Patent 1,043,912, Ellis hydrogenates oil (Fig. 25) in the 
autoclave A. The imm]) P circulates hydrogen gas through the oil. 
The treated product is run into the deodorizer D, where it is treated 

• Zeit.sch. f. anRcw. Chem. 1<)U, No. 28, 201. 
t U. S. Patent 1,059,720, April 22, 1913. 
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with supcriioatod steam under diminislied atmospheric pressure until 
the oil is freed from noxious gases or vapors. While the deodorization 
of ordinary cottonseed oil, for example, requires a temperature from 
200° to 300° and a vacuum of down to one or two inches mercury, 
the deodorization of the hydrogenated cottonseed oil does not ne(x>s- 
sarily requiry as high a tcmjx'raturc and the vacuum “ pulled ’’ may 
be considerably less. 

(’oiitrary to the; oinnion entert,ained by many it docs not appear 
needlul to violently agitate thi^ catalyzer primarily for the purpose of 
(mntacting it with hydrogen. Once tlie catalyzcu is wetted with the 
oil th('re can no longer be any actual contact with the gas. Hydrogen 
reaches the catalyzer seemingly only through solution in the oil. The 
forc('s of adhesion effectually seal the catalyzer surfa(:e from the gas, 
and no im'usurc of agitation by ordinary mixing apparatus will dis¬ 
lodge the film of oil. Of course, agitation secuvs the rapid replace¬ 
ment. of mori- saturated by less saturated portions of the oil, but this 
re])lacement, under certain conditions, may procc^-d rapidly, simply 
by diffusion. 

The dir(^ct jiumping of hot hydrogen gas, especially if the- latter is 
under considerable i)re.ssure, offers some difficulties, and the apparatus 
shown in Fig. 2G is designed to effect a circulation of the gas by in¬ 
ductive (’ff(ict.' 1 h(‘ tank 1 carri(^s an inductor 2 through whicdi is 

forced oil propelled by the immp 3. The pa.ssagc of the oil through 
the inductor causes hydrogen, which is sui)i)lie(l to the iqjper part 
of the tank, to be drawn into the central vertical pipe and carried with 
the oil to the bottom of the tank when the gas bubbles through the 
main body of oil. Thus the oil which is b(>ing treated is made' use of 
to circulate the gas. 

Another type of apparatus f involves circulating hydrogen gas by 
means of an oil sealed pump which may be so arrangeui as to permit 
the return of any hydrogen escaping through the stuffing boxes. Fig. 
27 shows this apparatus. 1 is an oil treating tank with gas outlet 2, 
communicating with a drier or purifier 3. From the lower part of 
the latter a pipe leads to the pump 4 which is enclosed by the housing 
5, the space between pump and housing being filled with oil. The 
pump discharges into the lower part of the tank through the gas dis¬ 
tributor 6. A connection 7 from the upper part of the housing to the 
tank provides a vent for gas escaping from the pump. 

In hydrogenating oleic acid in a vaporized state Shaw t obtained 

• U. S. Patent to Ellis, 1,059,720, April 22, 1913. 

t U. S. Patent to Ellis, 1,071,221, Aug. 26, 1913. 

} Seifen. Ztg., 1912, 713. 
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some rather eurious results. A.s a liydrogeiiatini.: ai)paratus Sliaw 
used a glass torver, holding catalyzer, the latter heiiig prc'pared !iy put¬ 
ting fragmc'iits of [juiiiiee intt) a 50 per cent solution of iiiek('l nitrate. 
The pumie(' was heated to a re<l heat in order to convert t,he nitrate 



to the oxide and the; process re- 
])eated in order td gi't a good 
coating. The matc'rial was then 
l)lac('<l in the glass tower and re¬ 
duced hy hydrogen at about 300° 
reduction taking ])lace in 2 to 
3 hours. The tower was lu'ated 
in an oil bath. 

Oleic aci<l was sup)ilied from 
a distilling flask which was con¬ 



nected with the tower hy ga-s-tight piping. In the flask was insertiod a 
tube through which hyilrogeu could be introducrid. The hydrogen was 
generateil in a KiiJp apparatus, passed through wash bottles contain¬ 
ing nitric acid and .sulfuric acid, and finally through a “ U ” tube 
containing fragments of caustic potash. From the tower a delivery 
tube extended to a receiver which Was connected with a manom<;tcr 
and an air pump. The temjwrature of the oleic acid was maintained 
a few degrees above the boiling point of the acid, or about 300° C. In 
this way the catalyzer was never wetted with the liquid acid, but came 
in contact only with the gaseous acid which distilled over from the 
flask. The reaction product was condensed in the receiver. 
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Tho doRrc'o of rcdiictioii wus <l('L‘nuinc(l ihrouRli tho iodino num¬ 
ber with the following results; the iodine numl)er of oh'ic ucid 
einjdoyed was 79. When di.stilled under a jwessure of 100 mm., the 
resultin)!: product had an iodine number of 75, which eorresjKjnds to 
a reduction of 5 jjer (tent. 'I’his partially reduced product undcu a 
pressure of 100 mm. was distilled through tho catalyzer, and the prod¬ 
uct obtained had an iodine number of 74.S, practically identical with 
the i)r(‘vious valiua In nwiewing this unfavorabh' result it was con¬ 
cluded that the catalyzer was poi.soned and its activity lost. To test 
this out a fresh jiortion of ok'ie acid was distilled through the catalyzer. 
Again a reduction of 5 jmt cent oceurre(l, which indicated that the 
eatalyz('r was not. jioisoned. 

Distillation at 1.50 rum. was tlaui tried, giving a reaction product 
having an iodine number of 08 to 70. VVdien this ])rodu('t w'as di.stilled 
again at 1.50 mm., thi' same iodine number was (^)tained. A pressure 
of 2{)0 ram. was then (unployed and the retluction was 20 per cent, while 
a second distillat.iou at 200 mm. did not increa.se the amount reduced. 

These re.sults suggested tin; po.ssibility of an equilibrium Ix'twecn 
stearic; acid, oleic acid and hydrogen, and that th(' reduction dccgrec' 
which Shaw found varied from ])ressure to i)res.sure was constant for 
any one jeressure. If this conclusion were eorreet, then the' ('(jui- 
librium should bc' reached from the opposite emd, namely through 
distilling stearic acid in the ])res('nce of hydrogen. In order to .see 
whether this were possible .stearic acid was treated in c'xactly the same 
way as the oleic acid by distilling through freshly prei)ar(‘d catalyzer. 
As a result of the test it appeared that stearic acid exiK'rienccc'd no 
change in iodine numix'r which apparently excluded the idea that 
conditions of eciuilibrium W(!re involv(>d. 

Shaw’.s ob.servations that by repeated di.stillation of oleic acid no 
further reduction occurs was not to be explained on tho ground of 
fractional di.stillation of the partially reduced product, for the entire 
contents of the flask were distilled through the catalyzer, and further¬ 
more the boiling point of stearic acid differs very little from oleic; acid, 
so Shaw is at a lo.ss to exjdain the eaust; of this peculiar behavior after 
finding it not due either to the existence of equilibrium or fractional 
distillation. 

An investigation was made to determine what influence length of 
time had on the progress of reduction. The .same apparatus w'as used. 
Oleic acid was distilled under diminished pressure and the tempera¬ 
ture of the oil bath maintained at 275 degrees, while small quantities 
of the acid were distilled over in definite time intervals and the iodine 
number determined. 
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The followinff is the result: 

2 liours lodino No. 07 M. 1 >. 23° 

;i5 tioiirs Iodine No. 02 M. 1>. 3;!° 

,5 liours Iodine No. 00 M. 1 >. 37 ° 

!) hours Iodine No. 45 M. P. 50° 

Shaw also determined the effect of pressure considfrahly above 
atmospheric and found: 

With pressure of 5iitmo.s.; temp. 250° C.; Iodine No. 77 

t\ llli pre,ssure of 25 almos ; temp. 250“ (' , Iodine No. 01 

Y'llli pressure of 50 atiuos ; temp. 250° C.; Iodine .No, 52 

by which he concludes that the reduction itrcgresses in pro])ortion to 
the increase in pressure.* * * § 

In the decomposition of fats, oils and waxes into fatty aciils and 
alcohols liy aromatic sulfonatetl fatty ticids, tlie fats or fatty ticids 

list'd in preiiaring the latter, according to Connstein am! von Schon- 

than, are reduced before sulfonation, ('ither by catalytic ju'oet'sses or 
by electrolysis.! For examiile, castor oil is hardened by treatment 
with hydrogen, using palladium catalyzer; etiual jiarts of the hardened 
pioiiuct and naphthalene are mixed and to tlie mixture twice its weight 
of sulfuric acid of 00° Baume is added, avoiding an increase of teni- 
])erature above 20° ('. 

d'he reaction mixture is stirred until homogeneous and is tlien iioured 
in1,o somewhat more Ilian its own weight of water. Tlu' oily layer 
whieh .separates is filtered and is then ready for use. An illustrative 
example of the firoi-ess by the ]iatent('es calls for treatmi'nt of 1000 
jiarts of palm ki'rucl oil, 000 jiarts of water ami 2 jiarts of the fat 
cleavage compound for 6 to 8 hours with dry steam. After s('])aration 
of the two layers thi' lower layer or glycerine water is concentrated 
in the enstomary manner while the U])])or layer consists of fatl.y acids. 

According to Steffan ! this fatty cleavage reagent has been plaei'd 
on the market under the name of “ Keilring.” § Steffan comments 
on the discoloring action of the Twitcliell process on some fats and oils 
among which he mentions certain grades of tallow', soya bean oil and 
fish oil, the coloration of whose fatty acids when produced by the 

* Sabatier notes in his book on Catalysis, Paris, 1913, 78, that the vapors of oleic 
acid entrained Ijy a strong current of hydrogen and passed over nickel heated to 
280° to 300° C. are rapidly tramsformed into stearic acid, and the same thing occurs 
with the i-somer clai<lic ackl. (See Ann. Chim. Phya. ( 8 ), i 6 , 73, 1909.) 

t British Patent 749, .Jan. 10, 1912, Vercinigtc Chem. Akt. Gcs. 

t Scifon. Ztg., 40 , 550. 

§ “Pfeilring” cleavage compo-sition from the patent standpoint is critically 
discusaed by Each (Chem. Kev. u. d. Fett u. Harz Ind. (1913), 295). 
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Twiteholl process being so dark that when made into soaps the color 
of the product leaves much to he desireil. 

Fat cleavage reagent prepar('d with the hardened oil is claimed to 
produce a much lighter fatty acid. The rate of saponification with 
the hardenfal oil jjroduct Pfeilring is aj)proximately that of the; 
Twitchell reagent. Using equal parts of the two reagents under like 
conditions the following results W(;r(; obtained: 

5 hoiitM. 23J hours, 34 hniirs, 
pel percent |)erceiit 

Twitcliull 37 23 S3 31 SS' 0-1 

Pfuilrin^ n'H,K<'nt 3(> 02 80 IS SS.OO 

These results indicate for Pfeilring a rate of cleavage slightly less 
than that of the Twitchell reagent, but it is brought for^v'ard b}- the 
supporters of Pfeilring that, the latter reagent l)eing in itself very Hglit 
colored, whihi the Twitchell reag('nt has a blacldsh cast, the propor¬ 
tion of the latter which may la- u.s(‘d is limited by the reejuired color of 
th(' resulting fatty acids, but that Ph'ilring may be used in larger pro¬ 
portion without the danger of discoloration and hence th(‘ rate of 
cleavage may l)e increased by using a larger (juantity of the reagent 
while the reaction may be carried more nearly to completion, that is 
to 95 per cemt and over, without the discoloration somi-times observed 
in tlu' Twitchell pro<;e.s.s. 

In rosi)onsc to a critical discussion of the properties of soa])s made 
with hardened oils * * * § Sudfeldt Brothers s1.ale f that for s(‘veral years 
they have been splitting large quantities of harden(Hl whale oil by the 
'rwitchell process and converting the fatty acids into soap and have 
found these fatty acids to b(> of good color and the soaps prepared 
from them to be in no wise lacking in color. The sharp odor noticed 
in the neutral fat is not lost by the sj)litting ojjeration and also appears 
in the finished soap.i 

Reference has been made to the work of DeHemptinne on the eflect. 
of electrical discharge in causing the addition of hydrogen to unsatu- 
rated oils. J>atcr work by this investigator § furnishes additional 
data on this interesting reaction. The formation of stearin by the 
action of an electric discharge on commercial olein in an atmosphere 
of hydrogen was studied on both a small and large scale. The appara¬ 
tus employed on a large scale consists of a rotatable horizontal axle 

* Scifpn. Ztg. No. 2.5, 1912. 

t Scifen. Ztg. (1912), 720. 

t Sudfeldt & Co. contend in favor of the Twitchell reagent; Seifen. Ztg. (1913), 
613. See also Seifen. Ztg. (1814), 311, 338 and 392. 

§ Bull. Soc. Chim. belg., 26, 65. 
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bearing a large' nuniljer of thin, ])arallel, vertieeal iron jelatcs separatee) 
by glass plates, the' forme-r being e'onne'ete'el teege'ther alternately on 
opposite sieles. The whole is mounteel in an air-tight iron elruin whieeh 
is partially filleel with olein anel into which hyelreege'ii is introelueeel; 
the oelel numbe>rs eef the' ireen ])late's are eonnee'te'd with one iJole of a 
high-])otential alternator and the even numbers with the' other pole. 
When the' axle is rotateel, the e'leeetriee eliseharge passees threjugh a thin 
laye'r of ole'in whie;h e'onstantly wots tlie jelate's. The' glass elie'leetrie 
may be arranged so as to e;ontae-t with one or both face's of the iron 
l>lates (the fre'e space' in the latter case' U'ing be'twe'e'ii the' elielectries) 
or the' die'h'e'trie's may be soparateel from both faces of the' iron plates. 
The e^apae'ity of the largest a])i)aratus e'onstrueteel was about 1000 
jeounels. A])art from the construction of the ajejearatus the: yield is 
influe'nce'd by the emrre'nt ele'iisity, the' freeiiieney of tlie current, gaseous 
jere'ssure, tempe'rature'* of the liepiiel anel the- elistane'e' betwe'e'n e'onse'c- 
utive ireni plate's. If the redue'tion is not pushe'el be'yond a ])oint ce)r- 
r, siioneling to a 15 per cent deeTca-se in the ioeline number, the're i.s 
a e'omple'te paralk'lism be'twe'e'n the eh'cre'ase in the ioeline' number, 
ine;rcas(' e)f me'lting jKjint anel absor])tion of hyelroge'n. The: varia- 
tiein of the ioeline numbe'r or the ineToase of the melting ))oint per unit 
of e'le'e'trie'al energy e'mjeloye'el i.s take'n us a me-asure' of the trans¬ 
formation cffe'cteel. A i)re)i)e)rt.ionality be'twe'e'n the' epianllty of sub¬ 
stance.' tran.sformeel and the' inb'nsity of e'urre'nt eloe's neet always exist. 
I'or a give'll inte'nsity eif e'urrent the quantity transformi'el ri'aeheis a 
maximum feir a elefinite elistane'e of e'h'e'trieal eliseharge; this maximum 
varie's with the- pre'.s.sure. In oreler tei obtain a satisfactory reaction 
the' currc'iit must ae't simultane'ously on both liepiid anel gas. Pro- 
longeel ae't ion e)f the' curre'nt cause's polyme-rization and the reiactions 
be'e'eime' quite e'om]ilicate'd. The apparatus can be' used for eleodeiriz- 
ing fish oil, as the unsaturateel e'ompounels of this oil take up hyelrogen 
uneler these conelitions. Beeau.se of the graelual polymerization pro- 
eluceel the method is sugge.sWd as ap])licable for thickening mineral 
oils eir mixtures eif mineral oils with animal or vegetable oils. Molec¬ 
ular weights as high as 2500, as determineel by the ebullioseopic 
method, were obtained. The viscosity of these polymerized oils varies 
less with the temperature than does that of the pure mineral oils; the 
coefficient of friction of the former is also stated to be le.ss. 

Apparatus patented by Hemptinne * is of the following character: 
A series of parallel rotatable metal plates, with discs of insulating 
material between adjacent plates, is arranged within a fixed casing 
or within a vessel that rotates with the plates on a horizontal axis. 

• British Patent 7101, April 4, 1905. 
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Alternate m<'tal jrlates are eonnect(?d to oiu^ pole, and the remainder 
to th(‘ other ])ol(' of a source of el(!ctri(! current, in order to ostal)lish a 
silent ele('tric discdiarxe hi'tween the plates. The latter arc partially 
imriK'rsed in the absorbing liquid, which is carried around by small 
troughs attached to the casing and delivered on to the upper portions 
of th(' plates?, so that a thin layer of liquid is maintained on the plates, 
and the gas to Ix' treated is thus brought into intimate contact with 
the licpiid. An ek'cttro-magnetic device, working automatiealh', main¬ 
tains a constant i)ressure of gas in the apparatus during the absorption.* 

.A ])rocess for tlu' jn-oduction of neutral hydrogenated fats from raw 
mat('rial containing fatty acid involv<-s hydrogimating the oil in the 
])resen<!e of glycerine under which condition the fatty acids are claimed 
to be converted into glyceridcs.f 

With an apparatus as shown in Fig. 28, Ellis t hydrogenates by 
jrassing a curremt of oil through a rotary drurf> containing catalytic 



material supported on coar.se fragments of pumice, so that on rota¬ 
tion of the drum the catalyzer moves in a direction substantially 
transversely to the direction of the oil current. Hydrogen may be 
passed through th<' drum as a counter-current. A given quantity 
of oil may be circulated in this manner until hardened to the requisite 
degree.! 

* The application of tho electric current, in the industry of oils and fats has been 
reviewed by Buttlar (Chcni. Rev. u. d. Fett und Harz Ind. (1912), 97) who discusses 
its use in the transformation of liquid oils into solid fats, also in the bleaching of 
oils. 

t Seifen. Ztg. (1913), 203. 

J U. S. Patent 1,052,469, Feb, 11, 1913. 

§ In lb S. Letters Patent 1,095,144 of April 28, 1914, to Ellis a process is set 
forth for hardening oils wliich involves the movement of oil and catalyzer in a direc¬ 
tion transverse to that of the hydrogen current. 





CHAPTER IT 

METHODS OF HYDROGENATION — Continued 

Utescher * treats oils with hydrogen in pn'sonce of a finely-divided 
eatiilytie ag(‘nt, and at the same time tlie material is suhjeeted to tlie 
action of a sikmt electric distdiarge.f In a descTiption of the process, 
it is stated that the “silent discharge” is preventc'd from coming into 
actual contact with the fatty substance, only ch('mic,ally active rays 
(e.g. from a mercury vajmr lamp) being utilized. It is also stated 
that tlu! process may,b(> efTected by allowing tlu' rays to impinge on 
the surface of a catalytic substance, which may Im' used in tlic form 
of plates.t 

Tlui joint application of a catalytic and an (dectric discharge is 
claimed to give a greatrir elTect than either agent singly.§ 

Some observations on the effect of ultra-violet light on catalytic 
action have been made by Farmer and Parker || which incli(^ate that 
on colloidal jilatinum, at least, the ultra-violet light exerts a r<‘tarding 
infimmee on tlu^ rate of catalytic change'. (Colloidal platinum was 
preiiared by the Ilredig method, i.e., by producing an arc between 
platinum electrodes under distilled water. Hydrogen (lio.xide was 
u.sed as a measure of catalytic activity. The colloidal platinum was 
exposed to the ultra-violet light and samples were ilrawn from time 
to time in order to get exposures of varying hmgths, the samples being 
introduced into hydrogen peroxide jilaced in an apjiaratus shown in 
Fig. 29. The inclined tube of this apparatus was completely filled 
with dilute Inulrogen peroxide solution and a bent delivery tube 
arranged to collect any liquid displaced. As colloidal platinum breaks 

♦ Briluh Patimt 20,001, Sept. 3, 1012. 

t Hydrogen activated liy actinic rays is used for oil hardening (Scifon. Zlg. (1913), 
1298). 

I In this connection it is notol that the text of the Utc.whcr specification of 
German Patent 206,602 of 1912 appears in Chem. Rev. u. d. Fett u. Harz Ind. (1913), 
308. 

§ Seifen. Ztg. (1913), 8.91. F. Gruner, French Patent 4.93,664, .Ian. 27, 1913. Oils 
or fats arc subjected to the action of a silent discharge of an electric current of very 
high tension and frequency. Currents of high potential (50,000 to 100,000 volts) 
and high frequency are employed. 

II Jour. Am. Chem. Soc. (1913), 1524. 
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clown hydrogen dioxide yicdding oxygen, the evolution of the gas and 

eonseciuent dis]>Iaeeinent of liciuid 
enabled the rate of decoinjcosition 
to be measured. 

The experiments showed that 
th(‘ catalytic activitc' of the col¬ 
loidal platinum was almost com- 
])letely dc'stroyed after an exposure 
of .six hours, the activity then ob- 
servc'd being no greater than that 
of th(! sirontaneous deconpiosition 
of hydrogen peroxide itself. It 
was noted that the' light cau.sed 
the i)latinum to be prc'cljutated out of solution as a black floceiileiit 
material. After such a preeij)!- 
tation it was in the form of large 
mossy cdustc'i's. 

While! no observations were 
made! witli re.spect to the hy¬ 
drogenation of oils under these 
conditions, in view of the action 
of ultra-violet light on solutions 
of colloidal iilatinum, it would 
appear that exposure thereto 
may be expected to modify the 
rate of reaction in the harden¬ 
ing of oils.* 

A icrocess of hydrogenating 
oils involving exposure of the oil 
as a thin film on a web carrying 
catalytic material has been pro¬ 
posed by Walter.! Fig. 30 shows 
one form of apparatus described 
by Walter for carrying out this 
reaction. A is a i!losed vessel in 
which is placed a belt or wc'b 
B carrying catalytic material. The belt may be made of asbestos 
or cotton cloth and may be impregnated with platinum, iridium, 

* Some preliminary experiments by the author point to a reduction in the iodine 
number of cottonseed oil when exiMwed to ultra-violet light in an atinos[)hcni of 
hydrogen. 

+ 7.f« non! axo 
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nickel or other catalytic material. The belt is carried on rollers E, 
one of which dips into the oil. Catalyzer also may be carried in 
the contaiiK'r C aftaclu'd to the belt B. Z) is a steam or water bath. 
II is an inlet and F an outlet fur hydrogen. 0 is an inlet for oil. 

d\vo other tyiK's of apjiaratns 
are deserilied: one consists of an 
upriglit slationary cylinder jack¬ 
eted fur about one-half the dis¬ 
tance. Th(' interior ha.s a .shaft 
witli 4 arms upon which the 
catalyzer is earricsl and revolved 
through the licjuid and gas. A 
liueket ari'angement i.s also a1- 
1 ached to tiie sliaft to throw 
FKiuid upon the ('ata4yz('r. An- 
olher tyi)e consists of a jacketed 
horizontal cylinder with a rotating 
shaft .supiKirting arms for carrying 
tlie catalyzer, (lugs. 31, 32 and 
33.) 

'i'he oiieratlon may be carried out with the aid of chemically-active 
light for which jjurirose a lamp-lighting system of actinic character 

is shown at L positioned in tin: 
n^ceptacde A. Walter lays great 
stress on the rapid absorption of 
hydrogi'ii l)y oil or other raatcuial 
exiwsed in this mannc^r in thin 
films. II(^ state.s that althougli 
th(' film of oil on the belt covers 
the catalyzer, and in consequence 
on(! would expect the reaction to 
be hindered by the .sealing efT(?ct 
of such a fdm, yet the liquid and 
gas react very quickly with one 
another. The solubility of the gas 
in the liquid, as w'ell as the physical 
properties of the latter, he states, 
do not appear to play any essential 
part, for tin- .sparingly .soluble hydrogen (?xerts its reducing action 
apparently just as quickly in a thinly-fluid alcoholic quinine solution 
as it does in a viscous fish oil. 

Walter recommends passing the oil through a series of receptacles 
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containing; catalyzcir attached to a licit as described or to an agitator 
arm, th(! arrangement being such that the oil first enters the rece])tacle 
which contains tiu' W'e'akest or more' ne'arly 
spe-nt catalyzer anel after short treatment 
passes to thee ne'xt e'eintaine'r anel see on until 
finally it reaches the' last reeeptae’Ie' whe're 
the? most aeetive catalyze'r is e'mpleeye'el. 

In <’onn<'ctie>n with the' abe)\'e' it maj’ 
be' state'el that Walte'r has be'e'ii grante'el 
(h'rman Patent 257,<S25, of July 27, 1911, 
whie-h, in brief, has to elo with the' ])re)eliie-- 
tiem eef chemieeal reactions leeetwe'cn liepiiels 
iinel gase-s uneler the infiue'uee' eef a e'eentewt 
substeine'C or eef chemie'ally-ae'tive' I’ays. 
Peereius or reeuglu'lie'e! beeelie'S, whie'h nieiy 
se'rve' as contae't sulestanee's, are siijiporte-el 
em meivabh' carrie-rs anel are cause'el alte'r- 
nate'ly to dip into the' lieiuiel ami the'ii rise' 
into the gas abeeve' the lieiuiel, see as fee 
bring fre.sh cjuantitiees eif the' lie|uiel e'eeii- 
tinually into e'ontact with the gas, eeve'r ii 
large' surface'. Se've'ral re'ae'tieen e'hainbe'rs 
tlirough which the' gas and liepiiel pa.ss in 
a definite' oreler are' preferably u.se'd. In 
some' re'spe'eets this rese'inljles the' ])re)ce'ss 
e)f Kayse'i' pre'viously elise'eisse'el. 

Birkeland anei Devik e'lnpleey a form of apjearatus whie-h ])e'rmits 
eif feire'ing a mixture eef eiil anel e'atalytic age'iit eluwnwards threeugh a 
nozzle inte) an atmeesjehere e)f hyelre)ge'n, filling the spae-e above flic 
bulk of the oil, which Ls e-emtained in an autoeelave. 'I'lio hyelrogen 
is drawn into the oil je>ts by inje'Ctor action anel sulrseepiently rises in 
small bubbles through the boely erf oil. The process is pre'fe'reibly 
e'arrieel out uneler a pressure' of 10 to 15 atmospheres anel at a te'm- 
pe'rature of abeeut ISO" Suelelen re'eluction of the jiressure; is claime'el 
to promote the hydrogenation of the oil. 

Brochet | treats unsaturated compounels as a class, by hyeiroge'n, 
in the presence of a catalyst. Hyelrogen or a gaseous mixture con¬ 
taining hyelrogen is pa-sse-el into the substance te) be treateei, eithe-r in 
the liquid form or in solution or suspension, in presence of a baso- 



• French Patent 450,032, /Vpril 14, 1013. 
t French Patent 458,033, July 27, 1D12. 
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metal eatalysl, which may l)e held oil an inert support. The velocity 
of the ri'aetion is inereasi'd by working under pri'ssure, although 
('xlremely high jiressures are not necessary. I!y tliis procedure various 
uusaturafed organic comi>ounds may he made to combine with 
hydrogen,* 

somewhat (‘laborate gas-m(>a.suring sy.stem has been proposed by 
deKadt.f TIu' amount of gas absorbed by a liipiid or other material 
in a closeil ve.s.sel, for exam])le, in the coinbinatioii of hydrogen with 
fats or oils in the ])reseuce of a cataly.st, is determined by rni'ans of a 
gas mef.er or other mi'asuring instruimmt arranged on triu‘ jiipi- sipi- 
jilying the gas and adapted to cut off the supply wdien a cert.ain amount 
of gas lias been supjilied or combined. When apparatus is used in 
which ih(> gas is introduced through a fine-s])ray nozzle at the bottom 
of the liipiid, and unabsorbed gas from the to|) of tlu' vessel i.s witli- 
drawn and again intntduced into th(> licpiid, tw'o meters are fitted upon 
th(' inlet and outlet pipes resiiectively so as to aid. differentially upon 
an indicat-or needle which thus records the diffi'rence between the 
volumi' of gas supplieil and the volume unabsorbed. 'Phe nei'dle 
mav control an electric contact by which the gas su])i)ly is shut off 
and the circulating pum)) stopped as soon as the reijuisite amount of 
gas has been absorbed. 

Ida. c 1 shows till' iIcKaiit system. 

The reaction vessel 1 i.s connected at. its iipiicr part Ihrottgh a .suitable i>ipc con¬ 
nection 2 witli a suction and force pum|):!. .At one jiart of its Icngl.h this |ii[)c con¬ 
nection 2 is fornu'd into a coolmn coil 4, whicli b located in a water reservoir .t. ,\l 

the lowiT part, of the reaction ve.ssel 1 a nozzle or ro.se head fi is iirovidcd, and from 
tliis nozzle a jiipc 7 leads to the vessel 8 containing the hydrogen. This hydrogen- 
eonl inning vessel communicates willi the inmi]) 3 by means of a pipe !1 and contains 
a cooling coil 12 iirovidcd witli inlel,s anil outlets for the supply and discharge of 
the cooling water. 

The material to be treated, .such as fats or oils, and the catalytically acting suh- 
stanees are suiiiilied to the reaction vessel through a charging door 14. In the first 
place the hydrogen supply liils' 7 is cut off fnim the reaction vessel 1 and the ])ipe 9, 
connecting the hydrogen-containing vessel with the pump, is closed by a cock 15. 
The matiTials contained in the reaction vessel are then heated by mean.s of a steam 
jaeket or steam coil, and the air, contained in this vessel, is exhausted by means of 
the iiumi) 3 and escapes to the atinosjihcre by way of the cock Ifi, the cocks IS 
and 17 being iijii'n for this purpose. Ilyilrogen is then supplied through a pipe 
connected with the pump 3 and is forced into the hydrogen-containing vessel 8 
through the piiie 9, the cocks 17 and 15 being ojicn. When the necessary tension 
has lieon attained, the corks 15 and 17 in the hydrogen supply pipe are closed and 
the cock 24 at the upper part of the reaction vcascl connecting the vessel and iipie 2 
arc opened. A valve 10 is arrangisl in the pipe connecting the hydrogen vessel with 

• See also First Addition dated Oct. 8, 1912. 
t British Talent 5773, March 7, 1912. 
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tho l()\v(T pari of the n'artion vci^sd by (»j)enmK saul valvt* 19, hchiml which a 
rcducitij; valv(‘ 20 is arranj^cd; (he hydrogon is coiahudcd l)y the pipt* 7 iiilo lli(5 
V(‘SH('l 1, \v]i(T(' it i)assf‘s from the nozzh* 0 t.lin)Ugh the material to Im* treated with 
which it (combines to some exb'nt, while tin* exe(‘ss (*s(!ape.s upwards and is a^ain 
forced into the hydroKen-containinK vessel S by the jmmp '1, the cocks Ixmij; suitably 
atljust(‘d. Tlu' supjily of hy<lrogen contaiiusi in tlu* vessel, wliiidi is not sujiple- 
u'ented by a'fresh external suj)ply during the chemical reaction, must gradually 
decrease in tension owing to the combination with the contents of tlu* reaction 
v(‘ss(‘h This d(‘crcas(‘ in tension can lx* utiliz<‘d empirically for (h't.ermining the 
progr(‘ss of th(‘ chemical reaction or for asc,<*rtaining it*? vaiious stages or its com- 
jdetion. T1 h‘S(‘ indieutions would, however, only be a]ii)roxiinate and dt'Kadt 
therefore provich's naans (o interrupt the supply of hydrogen to llie reaction v(‘:-‘:el 
automatically after the eonsumj)ti<m of the necessary (]uanlily of (’omhni{*d hy¬ 
drogen. 



With tills object a gas meter 21 is arranged on tlu' pipe 7 supplying tlu' hydrogen 
to the naietion vessel ami indicates the quantity of liydrogen jiassing from the 
container S into tbe reaction vcssid 1. A similar meter 22 is arrangcul on the 
return pijie 2 and measuri*s the quantity of gas being withdrawn. Both these 
iiK'ters act on an indicating shaft 2H in such a manner that by the rotation of the 
shaft lh(‘ fii>?t gas iiK'ter 21 mov(*fl th(‘ hand of indicating shaft 23 ujivvards, while 
th(* other gas meter 22 moves it rearwards so that the index hand shows the difTer- 
ence, that is to say (he consumption of hydrogen. An electric contact is arranged 
in the path of the index hand and when it reaches a certain position, in which ilp^ 
necessary quantity of hyilrogen has l>ccn consumed, the circuit is closed, and the 
hy<Irog<Mi sup)>ly is cut off. 

In hydrogenating oils containing the hydroxyl group, at high tem¬ 
peratures, this group is destroyed and Markel and Crosfield * propose 

* British Patent 13,519, June G, 1011. 
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th(' pr(‘))!iratioii uf Katuratod hydroxy-fatty acids and their glycerides 
by treating tlu' corresponding unsaturated acids or glyc,('rides with 
hydrogen in the presence of a catalyst other tiian palladium and pal¬ 
ladium hydroxide, at as low a temperature as possible, ])r('f('rably 
just above the melting point of the final ])roduct, in order to avoid 
splitting off of the hydroxyl grouj) or to control sucli siditting to any 
desired extent. Suitable catalysts recommende<l ar(^ iron, ni<'k('l, 
cobalt, copper, ('tc., also oxides, hydroxides and salts, which may 
deposited upon suitable su))ports, ))referahly finely divided. As raw 
materials the mixturi' of un.saturated acids obtaiiusl by treatment of 
oleic, acid with sulfuric, acid, the oxidation jjroducts of linseed, cot- 
tonsc'ed and rape, oils, also castor, grape seed and whale oils may lx; 
used. 

Tcviperaiiirc of IlyilriHiciialioii. For <'ach com|)ound tlu^re usually 
exists a well-dcfin<xl Tange of temperature within which liydrogcn is 
effc'ctively added. Somewhere in this temperature interval lies the 
(fjective tciii}icr<ii)i.rr., that is tin' temperature of maximum sat¬ 
uration velocity. For a number of fatty oils this api)i'oxiinat('s 180° ('. 
or 35()° F. with a nickel catalyzer. As a rule hydrogenation is accel¬ 
erated more by a given terai)erature ri.se from below tlu' mean effective 
temi)eraf ure than th(‘ same t(‘in))erature increase above this iroint re¬ 
tards the reaction. For exain))le, raising the bmiperatun' from 170° 
to 180° ('. increases the rate of hydrogen addition in a certain measure 
while elevating the temp('rature from 180° to 190° (’. rt'tards the rate, 
but to a lesser degree for sucdi 10 degns' temi)eraturi' increment than 
the previous iucrfuisc in the rate. In operation on t he larg(’ scali^ it 
is, therefore, Ix'tter to err by maintaining the oil slightly above rather 
than below the mean (‘ffectivc^ t('m])erature, unless of emurso a lower 
temperature is prescribed because^ of the character of the oil. Rapidity 
of treatment often is desired (^specially in edibk- oils where protracted 
contact with the catalyzer introduces the danger of solution of the 
mc'tallic material in the oil to an objectionable degree.* 

The range of temperature mentioned above varies with each typo 
of catalyzer. Platinum and palladium, at least in certain form.s, may 
be used at temperatures between 80° and 100° C.; nickel between 
160° to 200° C.; nickel oxide and copper at about 200° C. and upwards; 

* Th(‘ hydrogenation of unsaturated compounds, particularly f.atty acids and 
their gly<'erid(«, into aat.urated compounds by hydrogen in the pre.sencc of fincly- 
divid<sl inet.al, ar-conling to Higgins is acrarlerated by the prcsmico of formic acid 
or other volatih; organic acid. The formic ae.id may be carried by the hydrogen, 
or the acid mixed with the material before treatment. (Chem. Abs. (1914), 
437.) 
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all depending on the physical and chemical constitution of the catalytic 
material.* * * § 

Caro t eoiisidc^rs l.h<! presence of (^arhon monoxide' in hydrogen used 
for hardc'niiig fats with nickel catalyzeers to be, under some eire-um- 
stanees, injurious to the* catalyzer. Maintaining the t('mi)eraturc of 
the oil during hydrogenation above 200° ('. is said to be beneficial as 
any nickel carbonyl formed will be at once decomposed at that tt'ni- 
perature. The hydrogenation of many' substances under tlu'se con¬ 
ditions is not f('asibl(' and (laro reieommeiuls that, t he' gas first be jiassed 
over nickel at 180° ('. to convert the carbon monoxide into methane, 
vvhicli is inert. 

DeKadt j: saturates fatty acids or their (‘sters with hydrogen by the 
use, as a catalyzer, of a soa]) of a heavy or noble metal, formed from 
a fat or fatty acids, whose melting ])oint lies above that of the sub¬ 
stance to be treated.!} , 

It is claimed by Fuchs || that his investigations have shown the 
present methods of reduction for the most jiart are iinjiroiierly founded, 
causing long duration of time of treatment coupk'd with marked lo.ss 
of hydrogen and heat; use of a great exci'ss of hydrogi'n or catalyzer; 
injurious action of tlie long heating on th<‘ color, taste and odor of 
th(' n'duced fat; and the ajiiilication of high ]ir('ssure in ap])aratus 
which involves costly autoclaves, dangerous to handle. Fuchs de¬ 
clares tiiat the conduct of reduction of fatty bodies is es.sentially 
improved if tin* following theoretical conditions are observed: 

(1) Tliermal con.siderations: A tiuiekening of the reaction is ob¬ 
tained wlien the oil to be treated is maintained at only a moderate 
tomiierature (0° to ir>()°('.), while tlu' hydrogc'n emiiloyc'd Ls lu'ated 
to 200° to 250° ('. I’he avoidance of strong hi'ating of the oil which 
is being treated is favorable to the quality of the final product, while 
preheating tin' hydrogen a|)p('ars to increase its activity, ('onqiara- 
tive tests show that in this way tlu- speed of the reaction can be in¬ 
creased liy about 10 jier ei'iit. For preheating the curn-nt of gas, 
copper or nickel coifs in an oil bath are used. The oil bath may be 

* Ipiilunv (Clicni. Ztg., 1914, 374) has not('<l that the liydrogciiatioii of fatty 
acids with metallic nickel l)egins at 1.10° ;md with nickel o.xido at 230° C. The 
reaction ])ropre.s.scs readily at both high and low iiressiiros. 

t Seifen. Ztg. (1913), 852. 

t Ohern. Ztg. Hep. (1913), .141, British Patent 1.8,310, Aug. 9, 1912. 

§ Utescher (Seifen. Ztg. (1912), 1044) dLseussea from the patent point of view the 
clainrs niailo by dcKadt in Seifen. Ztg. (1912), 900; Bee also Seifen. Ztg. (1912), 900 
and 1008. 

II Seifen. Ztg. (191.3), 982. Hisluction of unsaturated fatty acids and their 
glycerides, Belgium Patent 256,574, 1913. 
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maintained at the requisite temperature through circulation of oil 
heated at a <listant iioint. 

(2) Chemical eonsidc'rations: Since it is imirossible to have free 
hydrogen in its most active form, that is, in a nascent state, act upon 
the oil to be t,r»>at('d, b('cause the quality of tlm oil is injured, Fuchs 
obsc'rves that m(^ans must be ])rovided to ajrply th(“ hydrogen in 
the atomic form. 'I'his can be carried out through the aiqilicution 
of chemically active rays. Dissociation of the hydrogen molecule 
aiqicars also to occur wIk'ii molecular hydrogen is passed over cata¬ 
lytic maU'rial such as ])alladium black or freshly jmqiared nickel 
]Knv(ler and tin'll is allowed to diffuse under liigli jiressure through 
heated ])lates of metal. The activity of the dissociated hydrogen, 
it is claimed, is from 15 to 20 jicr cent higher than the normal gas. 
'I’Ik' catalytic mati'rial may lx- placed in a tube of suitable length or 
on the ])lates of a coijnnn aiqiaratus. By way of illustration Fuchs 
states that cottonseed oil carrying ().!) per cent of a catalyzer, prepared 
from nickel carbonate, is raised to a temperature of 120 degrees and 
is subjected to hydrogen under a pressure of IS atmosiiheres, the gas 
having been chemically activated liy passagi' through an iron tube 
li meters in length and 00 min. in diaim'b'r, lined with jilatinized 
asix'stos and heateil to 250° ('. In tliis way by two hours’ treatment 
a fatty body having a melting point of ‘l-4° ('. was ])repared. In three 
hours a fat melting at 05.4° was obtained. F’uchs notes that ordi¬ 
narily from 5 to S hours would be required to secure such jiroducts. 
The claims of Fuchs’ Patent call for t.he reduction of unsaturated 
fatty acids and their glycerides by means of hydrogen according to 
the contact procc'ss, wherein strongly heatc'd hydrogen i.s causi'd to 
react on only nuxlerately lu^atixl oil; also the treatment of oil with 
atomic hydrogim whose activity has been incn'ased by treatment with 
chi'mically active rays. 

The emiiloymeut of nickel carbonyl by Shukoff has been descrilied 
in the foregoing. In a somewhat similar manm'r Lessing * makes use 
of a mixture of hydrogen and a gaseous metallic eompouml l)rought 
into contact with the substance under suitable eonditions of tempera¬ 
ture and jiressure. Lessing states he has found that a great number 
of substances may be hydrogenated by treating them at ('h'vated 
timperatures with hydrogen to wdrich a metallie earbonyl vapor, or 
gas containing a metallic carbonyl, has previously beim added; or 
with a mixture of gases, containing hydrogim in which metal earbonyl 
has been formed by combination of carbon monoxide, originally in 
the mixture, with a metal. The rapidity with which the hydrogena- 
* British Patent 18,998, 1912. 
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tion proceeds under these conditions may be cxplainc^d as the effect 
of the liberation of elementary metal, the properties of which “ in 
statu nasc(!ndi ” arc known to be v(Ty different from those of metal 
wliicli is merely finely subdivided. Lessing observes that it has 
already been proposed to use as the catalyzer finely-subdivided nickel, 
made by decomposing nickel carbonyl in the heat(Hl material prior 
to the introduction of the liydrogenating gas, but it was not known 
that technical advantages accrue from conveying the nicked carbonyl 
into th(' material simultaneously with tin; hydrogenating agent so 
that elemc'iitary lilreration of nickel occurs in close contact with hydi'o- 
gen and the substance to be hydrogc'nated. Thesis advantages are 
that the proportion of catalyzc^r is very much nsluced and the react,ion 
proceeds much more rajiidly. Ix'ssing carries out his ])ro('ess in 
various ways. It is convenient to introduce nickel carbonyl into the 
hydrogen gas by pa.ssing a mixture of the latterr.vith caiLon monoxide? 
over rceduccd nickid in the well-known manner for making nickel 
carl)onyl. 

Tlic mixture of gases oinploj'cil need mu lie of great purify ami may he made from 
water-gas, or by tlie, tliermal decomposition of coal gas or of coke-oven gas nr of 
liydroeartions of any kind, hut best results are obl,anie<l when the aimninl of carbon 
monoxide m the gases is linnled to that rispnsite for forming the niekel carbonyl 
necessary fur the reaetion, and in any casi* tin- proimrlion of earboii monoxide in 
the mixture should not exeeed 2." jier eent. Tor example, when an oil such no a 
glyceride or a f.ilty aeid is being hydrogenated, the siin|ilo.st mode of oiieraling con¬ 
sists in pas,sing hydrogen containing .0 to It) )ier eent of carbon momixide tirsi throuf'h 
a volatilize!- eliarged with reduced nickel and tlii-n through the oil conlamed in a 
clixsed vessel heated to a Biiitable toinperaUire, say from 200“ to 210" G. The gases 
passing away from the ves-sel are returned to the volatilizer to be used again, hydro¬ 
gen or a gas rich therein being added to coinpemsate for that absorbed by the oil. 
The iiroportion of niekel reciuirml for the hydrogenation is very small; under proper 
conditions excellent resulUs can be obtained with a proportion etjiiivalent to 0.1 part 
of nickel to 100 jiarts of oil. 

Another mode of ojierating consisbs in forcing the substance to Ik- treated, if it 
is in a liipiid form, through spraying nozzles into a gas-tighi vessel wliieh may he 
suitably heated to the tcniimrature most favorable to the catalytic liydrogenalion 
of the aubstanee. Into the same container, preferably at or near the bottom, hydro¬ 
gen gas coiitainiiig metal carbonyl, for instance niekel carbonyl, is passed. The 
excess of gases leaves the ve.s.scl through an oul.let at the ujiper [lart and may lie 
returned into the gas circuit after the products cairied with it have been separated 
by condensing or washing. The treated liquid may be drained off and returned to 
the reaetion veH.sel until hydrogenation has prom-dc-d far enough. Instead of heat¬ 
ing the reaction vessel, or in addition to doing so, the liquid may lx- preheated in 
a suitable apparatus, before entering the vessel, to a tem])eraturc required for the 
reaction. 

By another method of carrying out the process, a solution of metal carbonyl in 
oil is prepared, which may be accomplished by passing the gas carrying nickel car- 
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bonyl through cold oil. This .sfilutum is forcwl through n spray nozzh* into s boated 
vessel where it nH*(‘(,s hydrogen whereupon !iy<irogenal ion oeeurs. 

If llu' eoinpoujid lo 1)(; treated is in the stale of giis nr vapor, as for instance in 
the liydrogenation of tlni more volatile tar oils, it is simply itiix(‘d with hydrogen 
containing the niehi'l earbonyi an<l is subjectetl to tln> temperatun* ri'quired for 
hydrogc'iiation. Likewise in the easi* of a liquid some hydrogen may b(> mixed with 
th(' lK]ui<I, tlH‘ sjiray h('ing then preferably formeil liy injector actiort instead of by 
liquid jin'.ssun'. 

The use of nickel carbonyl for the production of catalyfric material 
also has been ])atent(Hl by Kamps,* who intro<luees the earbonyi into 
an autoclav(“ at a tiuniierature aliove 43° (and a pressure of 751 min., 
and Uk' oil which i,s to be reduced is maintained under such iiressure 
and t('m])eratur(‘ conditions tliat the decomjiosition of tlu' niclcel 
carbonyl is brought about. At ()0°('. the oil should be under a 
])i'essur<' of les.s f.lian 2 atmosiiheres and at 180° less (ban 30 at- 
luosiiberes. * 

Anotluu' mc'thod of utilizing nickel carbonyl for the production of 
catalytic material is that jiroiiosed by the Bremen Besigheimer 
Olfabriken t according to wliich method kieselgnhr or similar jiorous 
material is saturated with nickel earbonyi and tiie mab'rial is lieated 
to cause the deposition of nietallie. nickel on the carrier. The nickel- 
eontainiug powder is immediately ground with oil to form a jiaste- 
lik(‘ mass, this oiier.ation being carried out with the exclusion of air. 
It is also staf-ed that tii(^ contact material may l)e reworktsl in llu' 
following manner: 

11. is first juirilied by extraction, tb(‘ nickel n-moved and after con¬ 
version of the latter into a jnilverulent form is again u.scd for the 
production of niclcel carbonyl. It is recommended that th(! earbon 
monoxide obtained by the Linde-tiaro process in the licpiefaction of 
water gas be used for the |)roduetion of the earbonyi. 

A form of iijjparatus adni)ted to be used in carrying out a ])rocess 
of hydrogenating oils + which relates more specifically to the treat¬ 
ment of rancid oils or oils of high acidity is showui in Fig. 35. An 
oil containing a high proi)ort.ion of free fatty acids or products of 
rancidification may be diluted with a muitral oil and the mixture 
hydrogenated to a hard fat, although the original rancid oil be in¬ 
capable of hydrogenation, because of its poisoning action on catalyzers. 
The apiiaratus consists of a tank having a dome in which atomizers 
arc mounted and by which th(‘ oil Ls atomized with hydrogen gas, and 
is then allowed to trickle through a .series of screens placed in the lower 

* Belgium Patent 246,975. 
t Zeit. f. angew. Chem. {1913), ref. 027. 
t Ellis, U. S. Patent 1,078,136. Nov. 11, 1913. 
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part of tlip dome. Palm oil may l>c hoatod without acposs of air to a 
tcmpiii'aturo at which its color is destroyed by Iiydrogenating under 
tliese conditions, ])ro<hiciiig a fat which is esix'cially useful to soap 
makers. 

A process for thickening oilsand fats is described by Scherieble.* 
The material to be treated is sultjected to ozone-forming electric 

discharges Ijy sending sucii dis- 
jgf—cliargcs directly through it. 

Potentials of 1(),000 to 20,000 
^ volts yield no results, as oils and 
I 1 fats iiitroducc'd betwe('n the elec- 

1 I trodes impede any discharge by 

1 reason of their great insulating 

jiroperties. ExjH'rimeuts in this 
II direction have, however, shown 

U.. tiiat discharges through oils and 

1 fats are (juite possible when high 

f 1 potentials of 50,000 to 100,000 

I I f volts and beyond are emjdoyed. 

1 I j The liigher th(> potential of the 

^ ‘‘'t'ctric current and th(‘ greater 

.‘" 11 ^ ' its fretiuency the easier it is 1 o 

^ pass a discharg(', with the for- 

Fui, Jf). mation of ozone, through thick 

layers of oil. 

The oil 5 to be thickem'd or bleached is placed in the pan G (Fig. 'dC), 
the l)ottom of which forms one ('hx'trodo, connected to the source of 

electricity l)y the conductor shown. _ 

Tlie second electrode 8 having the 
terminal jwints 9 and fed through 
the eonduetor 10 is placed above 
the oil so that the discharge 11 
acts upon the oily material. 

By the Calvert system the oil — 5—^7 - 

is submitted to violent agitation _f 

while under a hydrogen pressure p,,, 35 

of 250 ])ounds per square incli and 

at a temperature of 180° to 200° C., in a specially constructed auto¬ 
clave having an electric motor (for stirring) enclosed in a chamber 
which is under the same hydrogen pressure as the autoclave proper. 




• U. S. Patent 1,079,727, Nov. 25, 1913. 
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bonyl through cold oil. This .sfilutum is forcwl through n spray nozzh* into s boated 
vessel where it nH*(‘(,s hydrogen whereupon !iy<irogenal ion oeeurs. 

If llu' eoinpoujid lo 1)(; treated is in the stale of giis nr vapor, as for instance in 
the liydrogenation of tlni more volatile tar oils, it is simply itiix(‘d with hydrogen 
containing the niehi'l earbonyi an<l is subjectetl to tln> temperatun* ri'quired for 
hydrogc'iiation. Likewise in the easi* of a liquid some hydrogen may b(> mixed with 
th(' lK]ui<I, tlH‘ sjiray h('ing then preferably formeil liy injector actiort instead of by 
liquid jin'.ssun'. 

The use of nickel carbonyl for the production of catalyfric material 
also has been ])atent(Hl by Kamps,* who intro<luees the earbonyi into 
an autoclav(“ at a tiuniierature aliove 43° (and a pressure of 751 min., 
and Uk' oil which i,s to be reduced is maintained under such iiressure 
and t('m])eratur(‘ conditions tliat the decomjiosition of tlu' niclcel 
carbonyl is brought about. At ()0 °('. the oil should be under a 
])i'essur<' of les.s f.lian 2 atmosiiheres and at 180° less (ban 30 at- 
luosiiberes. * 

Anotluu' mc'thod of utilizing nickel carbonyl for the production of 
catalytic material is that jiroiiosed by the Bremen Besigheimer 
Olfabriken t according to wliich method kieselgnhr or similar jiorous 
material is saturated with nickel earbonyi and tiie mab'rial is lieated 
to cause the deposition of nietallie. nickel on the carrier. The nickel- 
eontainiug powder is immediately ground with oil to form a jiaste- 
lik(‘ mass, this oiier.ation being carried out with the exclusion of air. 
It is also staf-ed that tii(^ contact material may l)e reworktsl in llu' 
following manner: 

11 . is first juirilied by extraction, tb(‘ nickel n-moved and after con¬ 
version of the latter into a jnilverulent form is again u.scd for the 
production of niclcel carbonyl. It is recommended that th(! earbon 
monoxide obtained by the Linde-tiaro process in the licpiefaction of 
water gas be used for the |)roduetion of the earbonyi. 

A form of iijjparatus adni)ted to be used in carrying out a ])rocess 
of hydrogenating oils + which relates more specifically to the treat¬ 
ment of rancid oils or oils of high acidity is showui in Fig. 35. An 
oil containing a high proi)ort.ion of free fatty acids or products of 
rancidification may be diluted with a muitral oil and the mixture 
hydrogenated to a hard fat, although the original rancid oil be in¬ 
capable of hydrogenation, because of its poisoning action on catalyzers. 
The apiiaratus consists of a tank having a dome in which atomizers 
arc mounted and by which th(‘ oil Ls atomized with hydrogen gas, and 
is then allowed to trickle through a .series of screens placed in the lower 

* Belgium Patent 246,975. 
t Zeit. f. angew. Chem. {1913), ref. 027. 
t Ellis, U. S. Patent 1,078,136. Nov. 11, 1913. 
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An ajjpuratus for liardoninf; oil, proposed by Wilbuschewitsch,* 
comprises tlie vessel R (Fig. 38) containing the fat to be treated and 
the vessel 0 containing the catalyst. DifTcrcntially-conncicted ])uni])S 
A A' feed the oil and the catalyst into the mixing device B in which an 
intimate mixture of the oil and the catalyst is obtained. This mixture 
passc's through a pipe G and the valve H into an autoclav(' .7' which is 
provided with a spraying device C consisting of a number of spraying 
nozzles so arranged that the oil and catalj’st are uniformly scattered 



in finely-subdivided condition throughout the whole inner space of 
the' autoclave. A eomirressor K forces hydrogen into the autoclave 
under a pressure of about 9 atmosjiheres. The pipe X extends from 
tin; upper part of the autoclave downward to the lower end of tlui 
same' and is provided at its lower end in the conical lower part of tin? 
autoclave with an admission nozzle 77'. By this spraying system an 
intimate contact of the oil mixture with the hydrogen is achieved on 
the counter-current principle. The autoclave is heated to bctw'cen 
100° to 1G0° C. according to the nature of the oil under treatment. 
The reduction by the hydrogen begins at the upper part of the auto¬ 
clave. The partially reduced oil mixture collects in the conical part 
of the autoclave and is sprayed in the form of a fountain through the 
autoclave by the incoming hydrogen. The mixture is forced by pump 
E' into the secon<l autoclave .7”. The hydrogen enters this autoclave 
through pii)e Y and the action of the first autoclave is repeated. Any 


U. S. Patent 1,079,278, Nov. 18, 1913. 
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numlxT of such iiulocluvcs c;ui 1«‘ aiTaiifJicd in series or iwriillel to eaeli 
other in accordance witli the extent of reduction re()uired. It is 
generally suitable 1,o ust' oiu' autoclave' for each iucn'ase of ine'lting 
]K)int by Jo” ('. When the' fat lias attained the desired melting point 
■which is ascertained b}’ samples 'withdra'wn from the autpclavi's, the 
oil mixture is withdrawn tlirough the valve U into the cenf.rifugal 
ajiparatus F. Here the oil is separated from the catalyst. The 
finished reduced oil flows into the reservoir A' while the catalyst is 
refiiirned f.hrough tin' jiipe W and valves tS and T to the vessels 0 and 
P. At first: when the catalyst which Wilbuschewitsch employs is 
still (piite fresh, he states that only a little of it is necessary— 1 per 
cent may be advantagi'ousl}- used. When, however, in the course of 
t he oiieration its catalytic power decreases, eorrosiiondingly more of 
it must: be used. The regulation of the (luantity of catalyst may lx; 
attaiiK'd by a suitable adjustment of the differi'ntial pump system. 
^^’hen till' catalyst is completely spent it is allowed to How out through 
th(' valve S int.o the riiservoir P in order to be regenerated, d'he 
working is continued by introduct.ion of fri'sh catalyst through the 
valv(‘ T. The hydrogen not consumcxl passes through the check 
valv(' ir and iiijx' Q and cooling worm L iid.o a ve.ssel M filled with 
(iaustic .sotla lye where it is purified and then ]>ass(;s to the etompressor 
and autoclav(;s. 

Wimmer and Higgins * u.se .os catalyzers organic mc'tal salts such 
as tin formate's, acetates or lactates of eopix'r, iron, nickel or (jobalt. 
Th(;se I'ctiuire' no special prci)aralion before; the'ir u.se as eatalytie; 
agents; and it is edaime'el that im))urities e;ontaineel in the reducing 
gas e'mployed in the ti'catme'iit eh) not re;nele;r the'se' e'ompounels in- 
effe'eetive. Wimmer aiiel Higgins .state; that those' ))roe;e'Sses in which 
fmely-elivieh'd metals are' e'mi)le)y<'el in the; tre'utme'iit of unsaturated 
ce)mpounds call for the; employment of intense me;clianical agitation 
to ol)tain admixture of the catalysts and the liquiel, or rociuire the 
distrilnition of the metal over the outer surfae;e of contact carriers such 
as pumie;e stone, kiese'lguhr, ete;. By th(;ir j)rocess the compound to 
be reeluccd is mixed with the organic metallic salt, hcateel to a suitable 
temperature, and either a stream of the reducing gas is pas.sed through 
tin; mixture, or the latter is subjected to an atmosphere of the gas in 
a closed vessel, while contact between the, gas and the mixture or 
emulsion may be assksted by agitation. Under these conditions the 
saturation is .said to take place comparatively quickly and the spent 
or partly spent catalytic agent can be removed by simple filtration 
after the operation. 


U. S. Patent 1,081,182, Dec. 9, 1913. 
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Acnordinf? lo an (‘xaiiiph’ 1(K) of cntl.onH('C(i oil arr mixod with 1 to 

5 graniK of nickel fornuitc (in (*()nc(»ntrat«Kl aqueous solution or in the form of a 
j)ow(lor). The niixture is wariiwHl an<l u stream of hy<lroji<m jias j)asae(l into the 
ajipaiatufl. Dui'int*; (liis lime the temjjerature of the mass is raised io from 170^ t-o 
200° ('. Tlie duration of tlie in'atment dej)ends upon the quantity of th(' catalytic 
URenf, eirqdoyed. 1'he reduction may be carried out, until th(‘ unsat iirated compounds 
arc quantitatively transformed inU> Baturat<‘d ones. The mass is t.hi'ii filtered. 

I'or (his i)roc(‘ss th(\v tlie met,al salts, both normal and acid, of the rnono- 

nnd polyliasie caiboxyhc acids jind hydrocarlMixyhc acids of the fatty fjroups as 
most suitable; th(‘ formate's, aoetab's, propionates, butyrates, lactates, filycollatcs, 
oxalalc's, malonatcs, succinates, tartrates and citrates of nickel, cobalt, iron and 
coppiT arc inentiorK'd 

“Th(' ])roccss may be moihfied in various ways. Thus, for example, th(‘ oil may 
b(' emulaifi(Ml with tbi' catalytic a^tent and simultaneously hi'atcd and have* hydrn- 
«('ii or gas mixtures containing hydrogen passi'd through it in a suitabU’ emulsifying 
upjiaratus; or (he oil mixed with the eatalyfie agent may be brought into contact 
in a fine state of division with tin* hydrogi'ii, as in a manner that has already been 
]>ropos(Ml. TIk' n'action may also be aecelerated l)y using th(‘ hydrog(!n uixler 
pressure or by impregnating th(' oil wit h hydrogen and then bringing it into intirnat.c 
contact: with the catalytie ag('nt.." 



Fiu. 39. 

Fig. 39 is a view of an apparatus for carrying out the process. The gas is drawn 
by a pump a from a generator (not shown) and is forced by the pump into the pres¬ 
sure equalizer b. Theni^e tlu' gas pjussi's through a pipi' c, into the recepta<d(' c pro¬ 
vided with a funnel J for introducing the mixture of catalyzer and oil. The mixing 
apparatus contains an agitator consisting of a longitudinal shaft juovided with a 
scries of revolving beaten^ g. in the hast' of the mixing apparatus is mounted a 
heater h. If water gas is usc-d as the rcMiueing agent, th(i portion of the gas, which 
has not been absorbed in the mixing apparatus, passw through a pipe ? to a gas holder 
or collector /;, and is then used for heating or power purposes. 

A modified form of the inductor and tank shown in Fig. 26 is de¬ 
picted in Fig. 40.* 

In Fig. 40, 1 is a treating receptacle having the inlet 2 for oil or catalyzer; a 
hydrogen inlet 3; a back-flash tube 4; a draw-off valve 5, a steam heating coil 6; 
supporting members 7; and a catalyzer inlet 8 adapted to hold capsules of catalyzer; 


• Ellis, U. S. Patent 1,084,203, Jan. 13, 1914. 
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11 iH a pump coniKTfcii wflh tho pait uf the tank hy the pipe 12 and having 

a d!S(']iarg(‘ pijx' 13 extending to an induetiir 11 which is in communicalion hy means 
of the inlet 1.') iuhI pipe Hi will) the top of the treating rcceptuelo I. IVom the 
indiH’tor the pipe 17 <‘.\ten<ls nearly to the lM)ttom of the receptacle ami terminates 
in a <listri!>uter 18 which is so arranged that the t'ow of material theri^through is 
both down and angularly against the Ixitlom of the tank or mu'ptaele. 



Bock”' (Icscribos several forms of aijparat.tis intended for hardening 
fats and fatt>' acids. One of lliese involves passing the fatty material 
along or through a porous plate eontaiiiiiig catalyzer in the presence of 
hydrogen. Fafty acids may be hardened under a considerable degree 
of hydrogen press\ir<' and snbscspiently tiu' catalyzer may be freed from 
the acid by distillation under reduced atmo.splieric pressure. Reduced 
nick(d on kicsclguhr is used as a catalyzer.t 


* Seifen. Zifi., 1!)U, .tl!). 
f See also Seifen. Ztg., 1914, 421. 
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METHODS OF HYDROGENATION—Continued 


In his Inaugural Dissertation, Bedford describes a series of obser¬ 
vations made'by him prior to or during 1906 on the hydrogenation 
of oleic acid and certain esters of the fatty acids of linseed oil.* 


An tipparntus ns shown in Fig. 40a wus ust'd to taring oil, hydrogen and catalyz.er 
into eonlaot. The hydrogenating portion of tliis apparatus consi.sted of two eoin- 
niunieating vortical cylinders k'k'‘ partly filled with catalyzer and immersed in an 
oil hath. Oil was admitterl to one cylinder hy means of a dropping funnel while 
hydrogen was introduced at the hottom of the same cylinder through the glass f.iih(> 
shown on the right, hand. The eatalyzcr was prepared hy igniting nickel carhoniile 
to form the oxide, forming the latter into a paste hy means of distilled (ehlorine-free) 
water and adding fragments of igiiiteil pumice of about the size of jieas. I'he 
IHimice and nickel oxide paste was well stirred, the material dried at 9.5° and reduced 
in the treating apparatus by exposure to hydrogen for eight hours at 275° to 285° C. 
After reduction the temperature was reduced to 170° to 180° C, and the oil to ho 
hydrogenated was allowed to fall drop by drop on the nickelized pumice while 
hydrogen was passed through tho apparatus. Under these conditions hyriro- 
genation took place and the treated product was duly .separated from the catalyzer 
hy extraction with ether. The nickelized pumice thus freed of oil was u.sed again 
after exposure to hydrogen for one hour at a temperature of 250° C. 

Bedford determined the amount of hydrogen absorbed by the unsaturated 
compounds examined by him in these investigations and expres.sed his results 
in part in terms of the “hydrogen number,” that is, the percentage of hydrogen 
absorbed by the compound. When the catalyzer wus used for the first time 
abnormal results were obtained, due, apparently, to the incomplete reduction 
of the nickel oxide in the preparation of the catalyzer. After using once, more 
concordant results were secured. 

Oleic acid having an iodine number of 87.5 was treated in this apparatus and 
in one trial the reduction product had an iodine number of 4.1 and a melting- 
point of 64.5° C., while in another case the iodine number was 0 and the melting- 
point was 69°, indicating the complete transformation of oleic to stearic acid. 

Pure oleic acid, according to theory, absorbs 0.714 per cent of hydrogen. This 
represents the hydrogen number of oleic add. In two trials Bedford found 


Hydrogen 

Number 

Found. 


Percentage of 
Theoretical 
Amount. 


(A).0.7226 101.2 

{B) . 0.7450 104.3 


* liber die ungeshttigten S&uren des Leinola und ihre quantitative Reduktion zu 
Steaiins&uie, HoUe, 1906. 
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When the ethyl ester of linolenic acid was similarly treated and the hydro¬ 
genated product (iodine number, 0) was saponified, stearic acid of melting-point 
69“ C. was obtained. 

'Die hydrogen number of the ethyl ester of linolenic acid is 1.9737 and the results 
obtained by Bedford were as follows: 


Hydrogen Peroen^a^e of 

Number Theoreliral 

Found. Amount 

(^). 1 9482 98 7 

(B) . 2.0408 103.4 


Bedford also hydrogenated the ethyl esters of the fatty acids of linseed oil 
(free from oleic acid) and obbuned products having numlicrs ranging from 24.9 
to 0. 'J'hc ethyl ester of stearic acid was the main product of the reaction. The 
hydrogen number of the ethyl c.ster of linolenic acid is. as stated, 1.9737, while 
that of linolic acid w only 1.3072. I’he hydrogen values found were intermediate 
these values. 

, HyJro^rn Number 

Found 

(/I). . 1.4544 

iH) . 1.4578 

(C). 1.4441 



The complete apparatus used by Bedford as shown in Fig. 40 a i.^ as follows: The 
glu.ss container F of ai>out IH liters capacity is u.scd for holding and incasuring t.he 
hydrogen. 'J'he mouth of the c^inlainer is chased witli a stopper having two jierfora- 
tions through whicli the tubes r' and r- art‘ inserted. The receptacle is surrounded 
with a metal jacket holding water which enables tlut tein])craturc to be maintained at 
the desired point. From the container F the tube t leads to an intermediate vessel 
E. H is a funnel containing water. IF is a wash-bottle containing sulphuric 
acid. Hydrogen is introduced at A* and nitrogen at hK S is a glass coil cooled 
by liquhl air which serves for the removal of the last traces of moisture from the 
gases. The catalyzer as indii^ated aliove is placed in the vessels and The 
vessel B is cooled with liquid air. A calcium chloride tube b is placed inter¬ 
mediate the latter and the tube V. Copper‘oxide is introduced into the tube 
V and in this tul>e the hydrogen is converted into water and the latter is con¬ 
densed in the receptacle A by chilling with liquid air. A calcium chloride tube is 
also connected with the exit of the vessel A. 

A paper by Erdmann and Bedford in Berichte, 1909, 1324, discusses 
the hardening of fatty acids and esters. Reduced nickel on pumice 
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was used and the oil was allowed to flow through a tower containing 
the catalyzer. The catalyzer is stated to he based on a modification 
of th(! method of Sabatier. Linst^ed oil and fatty acids wore 
treated. 

The continuous liydrogenation of un.saturated fatty acids or esters 
may bo carried out according to the Badische Co.*' in the following 
manner: As a catalyzer is employed nickel, copper, iroji, oi- mixbires 
of these metals witli one another or with agents promoting the activity 
of the catalyzer. Tin; process is elTeck'd under prt'ssurc of at. least 
thirty atmospheres and preferably over fifty atmospheres, the catalyst 
being supported in the preasure vessel so as not to mix with the sub¬ 
stance treated. 'I'hc prpparafi(>n of the catalyzer may be accompli.shed 
by reduction of an oxygen compound of the metal by mean.? of hydro¬ 
gen under pressure in the same apparatus used for the hydrogeiiafion 
of the fatty acid, etc. .According to cx.amples: fmc'ly divid('d nickel, 
prepared by reduction of the oxide or carl)onate at a low teinperatun', 
is supported on a carrier in the pressure vessel, or nickel pieces or wire 
netting is suitably held tberein. t’ottonsecd or linseed oil is passed 
into the vessel and treated with liydrogen at 100° uiider a pressure 
of 120 atmospheres. Ni<diel carbonate or formate mixed with alumina 
and formed into balls or spread on a carrier, is jihicod on per¬ 
forated trays in a cylindrical liigli-prcssure app.araf.us and reduced :it 
220° to 250° by moans of hydrogen under pressures of 00-100 atmn.s- 
pheros. The reduced metal is allowed to cool in hydrogen under a 
prc.ssuro of 30-100 atmo-spheres. The reduced metal is cooled in 
liydrogen to about 80°, and a stream of the oil to be hydrogenati'd 
and hydrogen under pre.ssure are then introduced into the apparatus. 

A laboratory apparatus for catalytic reduction is described by 
Voswinckelf which in a modified form,| is supplied by Bernh.ard 
To’macz & Co., Berlin. Fig. 40(> shows the hydrogen-measuring 
apparatus employed. 

The two thick-walled graduated cylinders G and Gi arc drawn out at their 
necks in order to do away with the rubber stoppers that were employed i i the 
originally designed apparatus. These elongated necks are bent in the form of 
an L and are connected with the valves A and A\ by means of pressure tubing. 
Of the rubber tubes h and hj, one connects the apparatus with a hydrogen tank, 
while the other joins the apparatus to a reaction ves.scl of the shaking type. 'I'he 
entire apparatus is mounted on a wooden frame to insure stability and render it 
easily transportable. 

* British Patent 2,307, Jan. 28, 1914; Chem. Abs., 1910, 125; J. S. C, I., 1915, 
970. 

tChem. Ztg., 1913, 489. 

tltad.. 1914, 634. 
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Tho, two cylinders whioh aro joined by the plsiss tube D are filled with 1 \ liters 
of vvat(*r By nu'ans of air or hydrogen the water is transferred into tlic cylinder 
(!i until the latter is full 'I'he valve Ai is then closed to prevent the water from 
flowing i>ack in (t. 'llie cylinder f/i is conni'ctt'd with the liydrogcn tank by 
means of />i and the water is disjdaccd by hydrogen. Valve A is again closed. 
1'ho hydrogen tank is <'onne<“t(!d witli h, valve A is oiiened and hydrogen is admit.ted 
until the i)r(‘ssure is aliout \ \ atmospheres. The cylinder G is tlien.conni'cted to 
the reaction chamlier win h has U'en iireviously eva uated 'Tlu' valve A\ i.s 
opened and the shaking machine is set m motion \Mien the hy Irogen of the 
cylinder 0i is used uji, tiie cylinder f/. whicli in the ineautime has been filled with 



hydrogen, i.s connected with the r<*action chamlier and (7j is connected to the 
lank of hydrogen During this operation the valves A, A\, and B arc all shut 
to prevent the water from flowing back from cylinder (ii into cylinder G. 

h'ig. 4()c is un illiistratiori of a laboratory typ(‘ of hydrogonator. On 
the loft is shown an uutoclav(’ of ciist stotd rnountod on a tripod and 
o(|ui])p(‘d with a stirrer. The latte.r is operated hy a grooved pulh'y 
and round belt wliich is supported on the idl(T shown on th(^ rigiit. 
Th(‘ liydi'ogeii gtus is sujtplied by the pip{‘ show'n nesting on 1,h(‘ bas(^ 
and eonununicating with the autoclave through the top of the latteT. 
A i)ressure gauge and stifely valve are also provided. The autoclave 
has a roundt'd bottom and is surrouruk^d by a sheet-iron mantle. It is 
heated by a Bunsen ijuni(*r.* 


* The autucluve wan made for the author by the F. J. Stoke.8 Company, Philadv'lphiu, Pa. 
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Dewar and Liebmann * seek to produce a catalyst, and to hydro¬ 
genate oil in one and the same operation and at the sanie relatively 
low temporalure by mixing the fats or oils with a mixture of the oxides 
(either hydrated or anhydrous) or the carbonates of two or more 
catalytic metals, viz.: nickel, cobalt, or copper, or with a mixture 
of the oxides or carbonates of one or more of these catalytic metals 
with palladium, platinum, or silver, in a fine .slate of division, or 
with a mixture of the oxides or carbonates of one or more of these 



Fig. 40c. 


catalytic metals with silver oxide, passing liydrogcn through the 
mixture while it is being stirred and heating the mixture to a tem¬ 
perature at which the reduction takes place. Hydrogenation pro¬ 
ceeds concurrently with the production of the catalyst and the con¬ 
version of the unsaturated body by the addition of hydrogen to the 
molecule is said to be very rapid. 

The modifications of the process are classified by Dewar and Liebmann as 
follows: 

A. Hydrogenation of fats and oils in a liquid stat-e hy treatment with hydrogen 
of an unsaturated fat or oil in the presenre of mixtures of hydroxides, oxides, or 
carbonates of two or more of the catalytic metals, viz., nickel, •‘obalt, or copper. 

*J. S. C. I., 1916, 797; British Patent 12.982 of 1913; Mat. grasses 1916, 8, 4377; 
Cbem. Abs., 1916, 2B4. 
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B. Hydrogenation of fats and oils in a liquid state by treatment with hydropen 
of an unsaturated fat or oil in the presence of a mixture of one or more of the 
metallic compounds as defined in A with finely-divided palladium, platinum, or 
silver. 

Hydropenation of fats and oils in a liquid state hy trt',atment. with hydrogen 
of an unsaturated fat or oil in the presence of a mixture of a metallic compound 
as defined in A and silver oxide. 

I). Hydropenation of fats and oils in a liquid state hy treatment with hydrogen 
of an un-'aturated fat or oil in the presence of the mixtures mentioned in A, li 
and (-, pro luced on the surfaces of |)orous substances 

The following examjiles will serve lo illustrate the process: 

L A solution of 89.2 parts by weight of nickel nitrate (crystals) and of 9.3 
parts of copper nitrate (<Ty4 dO is ]K)ured into a hot J>oluti m loiituimnp IT) ])arts of 
pot i'i'iium carbonate. The precipitate is collected on a filter, waslicd thoroughly 
until free from soluble salt'i and then dried on the water-bath; it is then heated 
to a temperature liclow rcrl lieat until the weight is eon.stunt. One hunthed parts 
of oottonseeed oil are then stirrc'd with a quantity of the oxide thus prepared, 
the metal contents of wlu(;li <*orrespond to two jier cent of the weight of the oil, 
A strong current of hydrogen is pa.ssed through tlu* mixture which is heated for 
two hours at about lOQ® Cb whil.* being continuously stirred. On cooling, the 
oil is found to be hard and very nearly saturated, the iodine number being reduced 
from 110.6 of the oripinal oil txi 20.4. 

A similar exponment earned out with the same mixture of oxides and whale 
oil shows after an hour reduction of the iodine value from 114.8 to 2D.C and after 
two ho;ir'< t.o 1.9. 

2. One liiindred parU of whale oil are mixed with a quantity of nickel and 
copper hydratfi.-i (cont lining 90 })cr cent of metallic nickel and 10 per cent of 
copficr) in jiroportion of about 2 per cent of the metals to the weight of the oil 
and a strong current of hydrogen is passed through the mixture while it is being 
continuously stirred and heated for one hour at about 185® (b The iodine value 
of the whale oil is thus reduced from 128.8 to 32.3 and tlie oil is quite hard. 

3. Nu;kel and copper carbonates arc prepared in molecular proportions in the 
manner described in No. 1, and a quantity of the carbonate, the metal contents 
of which amount to about 2 jier cent of the weight of the oil used, is mixed with 
cottonseed oil and a strong (current of hydrogen is passed through the mixture, 
while it i.s being continuously stirred and heated for two hours to about 185®. 
The iodine value is reduced from 113 to 38.0. 

4. 44.6 parts of nickel nitrate ((crystals) and 2 part,s of palladium chloride are 
dissolved in water with the addition of a little hydrochloric acid. The solution 
is warmed and added to a hot aqueous solution containing 15 parts of caustic soda 
and 2 parts by volume of 40 per cent formalin. A dark gray precipitate is obtained, 
collected on a filter and dried on the water-bath. 

One hundred parts of whale oil are mixed in an autoclave with 3 parts of the 
product thus prepared (about 2 per cent of metal contents) the autoclave closed 
and the mixture being well stirred and heated (while hydrogen is passed through) 
to about 180® or 190®, the outlet of the hydrogen being so regulated that the 
pressure in thb autoclave is about 140 lb. After half an hour the oil, on (tooling, 
14 quite hard, the iodine number being reduced from 128.8 Uy 30.1. 

5. Whale oil is mixed with nickel hydrate and silver oxide (90 per cent nickel 
and 10 per cent silver) in proportion of about 2 per cent of the combined metals 
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to tho weight of the oil used. A strong current of the hydrogen is passed through 
lh(‘ mixture for two hours vhilo it is Inung continuously stirred and heated u]) to 
; i out 195°. d'hc iodine value of the oil is n*duced from 114 8 to 02 1. 

0. A.shevSto.s is iinpregnaU‘d with a solution containing (apial jiarts of nickel 
nitrate (crystals) and co])pcr mtratc (crj'.stals) in such strength that tla* metal 
(ontents of asbestos and oxides, after their jiroduct on, amount to 20 per r(>iit 
of the combined weight of metal and carrier. The impregnated asb<‘st()'< i^ dnecl 
and he'iU'd to convert the nitrates into oxide.s Seventy-five p;.r<s of cotlon- 
s(‘ed oil are mixed in an autwiave with 5.5 parts of the asl^estos thus jirepared 
(tlie metal contents amounting to nliouf. 1 per cent of the oil) the auto lave is closed 
and the mixture heated whili' Ixnng \v(41 stirred and hydrogen is pa.ssed through 
it at about 1S0° to 19t)°. d'lie outlet of the hydrogi'ii is so regulated that the pres¬ 
sure in the autoclave is about MO lb. After hall an hour the oil on cooling is 
{{Uite hard and practically converted into a saturated compound, the iodine vaha' 
being reduced from IlH to 2.T.* 

Dewar and Liebmann treat fats and oils witli hydrogenf in tlio 
prcsonco of a catalyst distrilmtc<l over a mass of fibrous and coherctit 
material or yanis or fabrit's made llierefrom, and arranged so that' 
tilx'rs will not become separated from one anotlier. With this arningc'- 
ment the tedious ojieration of filtration is avoided. 

'riu* fibrous matc'rial may consist of cotton, heni]>. flax, or jiitc, wool, silk, or 
similar natural organic fibrous matnrinls, or <*vcn artificial .silk, c. g, viscose* silk 
freed from sulphur. Sjjonge also may Im* used. Separation of tlie fibers is jm*- 
venU'd by (‘iiclosiiig tlui masses b(!t\vcen screens of gauz(‘ or other suilalilc material, 
or by securing with wires or threads; or if yarns or fabrics are used, these may 
l)G wound rouiui or otherwise secured to the VIjkIcs of an agitator or to fixed 
supjiorts. If strongly adherent masses of filirous materials, such as (‘otton, silk 
or flax, or yarns or faiirics inadi^ tlicri'froin, be used, the miasses may be left free 
to move in the liqui<l, but the products of hydrogenation are not so .satisfactory. 
If nickel, cobalt, or co))per is used as the catalyst, the o.xide or caibonatc of the 
metal is distributed on the support, and the catalyst ])rodu(‘ed before or during 
the jiroi'css of hydrogenation. In flic ease of the platinum grouj) of metals, the 
catalyst is jirejiared by impregnating the materials with a platinum or like salt 
solution and then treating with a liot alkaline solution of formaldehyde In 
examjiles, cotton or linen yarn, or bleached artificial silk yarn freed from sulphur 
or asl>estos cord is laissed through a solution of nickel and copper comjiound, and 
after squeezing, treated with soda solution and dried. The material is wound 
on a nickel gauze cylinder or on the blades of the agitator, and placed In an auto- 
(’lave with the oil. In another example, .silk yarn, on which nickel and coeper 
carbonate.s were distributed a.s in the previous example, is wound on the plates 
of an agitator and washed, fir.-st wdth water and then wdth i ickel acetal.e solu¬ 
tion and finally with water X 

* F<'e C'uniuliaii Patent, rrocl<T & Oaniblo Co., 17S.02I, July 1917; ('hem. Ahs. 

12, 9S. 

t British Patent :5,6r)S. June 30, 19M; J. <’. I., 1915, 1102, ('hern. A!)S. 1910, 
125. 

t U. R. Patent, 1,22‘2,G0S, Aug. 17, 1917- Canadian Patimt, Procter & (jjinible 
('()., 17.'t,020, July 3, 1917. 
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A process of, and apparatus for, making lard substitute is pi’oposed 
by Chisholm.* 

Ill Fig. 4('f/, a casing, mounted upon supports, is provided at the top with 
a pressure gauge -iiui a gas outlet which may set to discharge the gas at 
any desired ])ressure. Centrally and rotatably niount{*<l within the chamber is 
a catalyzing eleinent, consisting of a sjuKil-likc support wound with wire formed 
of or coated with a catalytic agent, tlio wound inaas being sufhciently porous 



Fid. 4(ld. 


to permit of the passage of liquid and gas oi tw; idiv therefl utugh, flic liquid 
and gas tending to follow the spiral course of the wire in its } us.^l^ge outward. 
In the construction of the catalyzing element, No. 2(1 (opper wire with a rough 
black, unpolished electrolytic deposit of nickel theicon is used. Wire of nickel 
or ])alladium which has been roughened also may be employed. Within the 
spirally wound mass of wire is a central chamber with w'hich there is rigidly 
foimccted an inlet pipe to provide hydrogen gas. A pipe on the opposite side 

*U. S. Patents Nos. 1.113.151. Oct. 6. 1914; 1.114,963, Oct. 27, 1914; J. 8. C. I., 1914, 
1002,1168; CLem. Abs., 1914,3828; 1915,110. 
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supplies oil to the apparatus. The pipes are rotatably niouiiteci within hearings 
seiaired upon oppo.site .sidc.s of the rasing and the oil pipe i.s provided with a 
driving pulley A aatisfaetory si/e for the riusing is 3 ft 6 m in diameter and 
6 in. think with inlets at opposite sides of .J in. The catalytie. agent may have 
a diameter of 23 in. and a thickness of 5'J in., the inner chamber being approx¬ 
imately 3 in. in diameter. On being revolved, the cutaly/ing element moves 
the oil and .gas outwardly along the lines of the spirally-wound wire. A tem¬ 
perature of 1()0° is employed 'rhe hydrogen and oil may be introduced under 
pressure. The lard-like fat resulting from the treatment of cottonseed oil in 
this manner is rollccted in the lower part of the casing. 

Kimura * agitiito.s ini uii.s;iliir;i,1.c(l f.ttly oil, a eal.aly.st siicli a.s 
nickel carhoiialc and hydrogi'ii gas in a vertical cylimler eaclcscd in 
a steam jacket. 

A central vertical shaft carries an agitator comprising a framework, star-shaped 
in hori/ontal ero.ss-,section, each radial portion Is'ing covered by nietallie neftuig of 
nickel, platinum, iron, or silver The renfral shaft also earrics a supporting sjnder 
for the spindles of similar |ilanet agitators wliieli thus revolve around the central 
agitator Eaeli iilanet spindle carries a s)iur-wliee! which engages willi an inlernally 
toothed ring on llie wall of the eontamer. The central agitator eaisses a centrifugal 
inoveineni of tlie li(|Uid outwards, and the rotation of the jiliiiiet agitators causes 
an iiitiinalc iniMiig and sniiilivi.sion 

An endeavor ha.s been made by Rather and Reid t to deterniinc the 
nature of the reaction Ix'tween ethylene and hydrogwi from the 
quantitative standpoint.. Tlie method emjtloyed for bringing about 
reaction diffcTs from fhtit of Sabatier and Senderens of pa,ssing a 
mixture of gas or vapor and hyiirogen over naluced nickel in a long 
tube. The method of Rather and Reid to a certain extent is a .sort 
of combination of the Sabatier and Sentlerciis nict’iotl and the present 
method of hydrogenating non-volatile oils by agitating witfi a catalyst 
while bringing hydrogen into contact with the oil. 

Dctiiils of the cxpcrinicntjd work curried out. by Rather and Reid are given 
below: 

Preparation of the Catalyst. Onn humlrod prams of infusorial earth were treated 
with a solution of 50 g. nickel nitrate, Ni(N(.)3)2-dIl20, in about 150 cc. water, 
and the resulting moist in?iss added U) a strong wul^r solution of GO g. sodium 
carbonate, NajCOa-101^20, to precipibite the nickel jus carbonate. The jiroduct 
was well washed and dried and the nickel carlwnatc reduced by heating, in a glass 
tube, just below red heat, in a current of pure dry hydrogen till no more water 
was formed, and cooled in a current of pure dry carbon dioxide. In order to 
standardize the cataly.st, its activity was tried with cottonseed oil, 70 g. of the 
oil and 1 g. of the eatalyst l)eing treutod with pure dry hydrogen at 180® in the 
apparatus described on p. 76. The iodine number of the oil was lowered, in 

• Hritish I’iit. 11:1,232, Aug. 31. 1917; ,1. S. C. 1., 1918, 187. 
t J. Am. Cbcm. Soc., 1915, 2115. 
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sixty mimites’ trcnl.nicnt, from li:i.7 (o 110. Kxppriin<-nt. .sliowpd tJiat tlio cat¬ 
alyst (liii not (ictcrioralc apprcciahl.v <liiriii(; llic (imc (liat cacli iiortion of it was 
in use. 

Temperature. In all of the cx|m‘i imcnOs, the Icinpcratiirc wa.s maintained 
at 180°±1° by iinniersniK th<‘ bull) of tlic reaction-fliusk in an oil-hath, the tem¬ 
perature of which was maintained constant by an oil thermostat with mercury 
contacts, controlling a gas regulator 

Materials. The etJiylene was made aeeording to method of Senderens and 
washed with i odium hydroxide solution. 'I he hydrogen was from zinc and iiiid 
and was washed with alkaline iiotassiiiin |iernianganate. As an inert medium, in 
which to .suspend the eataly.st, melted jiarallirie ua.s used. 

Procedure. Tlic gas riiixtiire.s were piejiared in ga.sorncters, holding about 
24 1, which were iirovidcd with an arrangeii ent for maintaining nearly constiint 
Iiressiire T’he same lot of tlie mixture was ii'cd fo the whole series of exjieri- 
inents on any one [iroportion. liaeb mixture was analyzed for ethylene by the 
msual method with fuming sul|ihurie acid. 'I he mixture o gases was run through 
concentrated suljihurie acid to dry it and then into the reaction flask which eon- 
lained, in each experiinciil, 1 g. of the catalyst, and 70 g. of the ))araffiiie, The 
stirrer was run at. 4400 to tifiOO r.p.in. In oaeli ease, time was allowed for the dis- 
plaeenient of air from tlie a|i|iaral.ns and for the hot iiaratniie to ciiiiie fo equi- 
libnuni with the ethylene liydrogen, and ethane [lassing through it. The aftaiii- 
inent of thus equililii'iiiin was .sliown by constancy m the anal.vsis of the stieecssive 
saiiqiles of tiie issuing gases 'f'lie amount of etliane in tlie ])rodui‘t, which is the 
same as the iiercenlage of reduction of the elliylene, was l■all•uhltcd liy the following 
formula, in which A'l is the percentage of etliylene m the original mixture and 
/I’j is the iiereentage of ethylene in the jirodiiel.s of the reaction. 


Ethane 


I0l)/!l|- 10()/t’ ; 

lOO-A’j 


Fresh lots of entalysf .and [laraffine w-ere used for each 24 1. of mixture. The rate 
of gas flow and tile composition of the original mixture are the only variables 
studied. 

The results .are by no means as regular as could be wished, and some are 
evidently out of relation to the others. They are not to lai comsidercd as final. 
The irregularities may de|ieiid on factors not as yet known or 'ontrolled. In 
Fig 401' the percenlagc of the ethylene rediieeil is plotted against tlie rate of flow. 
'I'he mtere.sting result is that, for all of the niixt.iire.s, aliout 70 per cent of the 
ethylene is reduced when the rate of flow is H) ix. i«;r minute. All of tlie results 
for the 10 tier rent mixture arc regular and tis would be exiieeted. Tlio.se for 
mixtures eontaiiiiiig higher iiereentages of ethylene are hj no ineims so regular 
and the curves are in iinexiiectcd relation.s to each other. Iloubtle.ss the deter¬ 
mining factor is solubility. The reaction is proliably taking place lietween the 
etlivlene and tin* liydrogen that are dissolved in the paraffine. 'I he mass law then 
holds for this solution and not for the gitses that are not in solut.ion. When the 
passage of the gas mixture is rapid, the ga-ses arc swept tlirough before equilibrium 
can be estalilisiied between the gas mixture .and the solution. 

In Fig. 40/ the volume, in ec., of gases made to combine, per minute, is [dotted 
against the rate of flow. As was to lie expeeted, this amount increases with the 
amount of the gas mixture that is exjioscd to the action of the catalyst. The results 
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for the <li(Terent mixtures im‘ in the expected order, those for the rate of 100 cc. 
per minute l>eing the most instructive. Under these circumstances, in the 50 
per cent mixture, 17 cc. of hydrogen is made to comhine with 17 cc. of ethylene 
in one minute. Sinre tlie I g. of the catalyst, Jis prc'parcd, cannot’ <‘ontam more 
than 0.1 p. nickel, the volume of this, considered as Ni, would be about 0.01 ce. 
or less. Hence tLe, catalyst induces the reaction in I^4(K) times its own volume of 
the pius mixture in one minute. In the experiment with cottonseed oil, given above, 
the same amount of nieke! caused tlic absorption of 4230 cc. of liydrogen or 423,000 
times its own volume of liyilrogen m sixty nimulcs, or 7000 tini(;s its own volume 
in ea<‘.h minute. Thes(‘ volumes are ealculatx?d for a (emjjerature of 0° and WHiiiid 
be 67 ])or eent- greater at ISO", at whieh tlie action really took place. '^Phe anumnt 
of hydrogen caused to combine with the ml is several tunes lus groat as the amount 
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Fig. 40e. Fin. 40/. 

combined with the ethylene, wliich is a.<? w'ould he anticipated, as t.he concentra¬ 
tion of the ethylene in the parafline is ))rolxibly much smaller than the (ioncentra- 
tion of the oleine in the oil, and the partial pressure of the hydropim in th(‘ mix¬ 
ture is only half so great as in the pure hydrogen. However, bhe nisults are of 
the same order of magnitude. 

In the process of Asp Bock (see p. 49) of treatinp; fats with hydrogen 
a porous metal in the form of plates or blocks, is used iis a catalyzer. 
Either the hydrogen and fatty acids are allowed to pass in vapor 
form through the porou,s metaJ, or the oil is passed through the porous 
metal at the ordinary temperature and pressure while the hydrogen 
rises through the pores. 'J'hese methods may be combined. The 
first method is preferred for fatty acids, the other for glycerides. * 

A hydrogenation process employing hydrogen under pressure is 
proposed by David,! according to which gas is forced into the lower 

’‘Chem. Abs., 191,'>, 868; Dan!.* Patent 18,.S.92, March 27, 1913. 
t J. S. C. I., 1915, 186; French Patent 470,392, June 14, 1913, 
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part of tho first of a series of connected cylinders containing the 
mixture of melted fat and cahilytic agent. The fat is intermittently 
projected upwards and falls from depending plates, preferably of 
nickel, into the current of gas, while a hot-air jacket maintains the 
temperature, at 150'’ to 200'’ C. The hydrogen passes through several 
of the cylinders before being returned to the gas holder to be purified, 
compressed, and used again. 

Adam * secures intiiiiatc contact between the reacting materials 
in the catalytic hydrogenation of liquids, by bubbling the gas from 
a number of points into a body of liquid, coalc-sccnce of gas bubbles 
from adjacent delivery points being prevented by suitable partitions. 

A font! of Adam’s apparatus is sliown in Fig. lOg. 

In this apr)ariitii.s .a tall vessel n i.s provi<l(Kl with an assemblage of tubes 
h, siipiiortcd by the supiiorte c. 'riiese tubo.s are set closely together and are 
of)on lit both ends. 'I'hey may be of any desired 
( ross-sci'tmnal form, and although .shown straight 
rniiv be somewhat siiiralled where increased <'on- 
laet IS desired. Henoatl) the tube.s and at a little 
dist ini'e away is a gas manifold <l connected to the 
ga.s sipiply duct i: leading from the U|)per part of 
llie vessel /, to the blower li. From tlie gas mani¬ 
fold nozzles k project in to the tubes in (las is 
inlroiliiced at 3 . 

Uy apiiro|iriate choice of the relative diatneter 
and lieiglit. of the tulic.s, tlic number of nozzles 
to each lube, and adju.stmcnt of the gas How, and 
of tlio height of tlie litiuid su|)i)lied to the tubes 
tile cliaracter of tlic contact cati be varied from 
tlial, of a clinibing film to that of a tall column of 
froth. 

The heating of the material can conveniently he 
oCfceted by electric heaters immersed therein, and 
tlicse may be formed, for instance, by insulating the 
tulies from each other at the top and bottom, and so converting tliem into a 
series of heating elements. 

In the Griiner process of bleaching and thickening oils and fats f electric 
currents are passed through the material in an acid atmosphere, the teiusion 
and frequency of the discliargcs teing such that the mass is kejit in vigorous 
motion. 

■Roentgen rays have been suggested as an aid in hydrogenating 
fafs. 'Wielgolaski t brings iiydrogen into contact in various ways 
with fats or fatty acids while exposing the material to Roentgen rays. 

• J. S. C. I., 1914, 1226; British Patent 24,815, Oct, 31, 191.3. 
t Holland Patent 1,142, Feb. 4, 1916; Chi-m. Abs., 1916, 1715. 
tScifen Ztg., 1914, 1195; Norwegian Patent 24,528, 1913. 
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In one ease * oils are passed through electrodes which have a porous 
filter-like form and are subjected to electrical action.! 

Experiments were performed by Custis J to ascertain if there w'ould 
be an acceleration of the hydrogenation of oleic acid under the influence 
of the rays from an iron arc. The hydrogen was led into a quartz 
flask, which contained the oleic acid. A long air condenser was passed 
through the stoi)i)cr with which the flask was supplied. An iron 
arc was placed 1.5 centimetres from the flask, and exposure was allowed 
to proceed for six hour.s. ]''rom the iodine numbers of the acid before 
and after treatment the conclusion was rr'ached that there is no 
acceleration in the hydrogenation of oleic acid when hydrogen acts on 
the acid in the prc.sencc of rays from an iron arc umk'r ordinary 
conditions of temperature and pressure. Blank experim('nts showed an 
amount of saturation equivalent, to that found in the exposed fatty acid. 

Charlton,§ has devised apparatus by which saturation is effected 
in a closed rotating drum provided on its inner periphery w'ilh blades 
which break up the oil and bring it into intimate contact with hydro¬ 
gen. The ga.s is introduced under pre.ssurc through a flexible tube 
and a reducing valve from a cylinder attached to the drum and moving 
with it. Ht.eain is admitted to an outer casing of the drum through 
a pas.sago in one of the trunnions and escap(;s through the other trun¬ 
nion. The drum is preferably made to rotate nearly a complete 
revolution alternately in opposite directions. 

An apparatus is described by Verona Rinati |1 for the hydrogenation 
of oils, in which palladium precipitated on small pieces of coke is used 
as a catalyst. 

The eatiilytid material is placed on a movahle support kept in motion by a 
rotating spindle connected by gearing wi<.h a pulley outside the reaction chamber. 
Oil which has jircviou-sly been heated is sprayed into the upper part of the 
chamlier by means of hydrogen under jircssure, and a jiressure of about two 
atmospheres is maintained inside the chamber. Three reaction chambers are 
provided and the oil may lie withdrawn afUT one, two, or three treatments, 
according to the degree of hydrogenation desired. The hydrogen is obtained 
from water-gas by the Fmnk-Linde-Caro piTKies.s of refrigeration, and all the 
excess coming from the reaction ehambers is returned to the refrigerating appa¬ 
ratus for purification. When the catalyst loses its activity, it is washed in the 
apparatus with an inert .solvent (benzine), the last traces of the latter arc 
expelled by a current of steam, and the palladium is again rendered active by 

♦Norwegian Patent No. 25,009. 

t A full description is Riven in Seifen Ztg., 1915, 73. 

JJ. Frank. Inst., 1917, SSE), 

§J. S. C. I.. 1915, 289; British Patent 1,410. Jan. 19, 1914. 

II Annali Chim. Appl., 1914, 2 . 99-105; J, S. C. I., 1914, 1061, Chem. Aba., 
1914, 3723. 
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rcatnieiit with Iiydrop'n iit not iiliove ir>0° C. Palliuliimi iotsscrsi'k the advan- 
ago of f)oitig iii'tivn at a roiisidr.rably lower tcniiieniture than nickel (e.g., at 
;U° to 90“ C.). 

At the Vcrcinigte Chem. Werke at CharlottciiherR, arcordiiip; to 
'olletas * hydroRcnation of oils is effected at 100° C., under fi pressun; 
if 2 to 3 atmospheres by means of 0.00(X)2 part of palladium chloride 
11 the presence of an alkali. The loss of catalytic ap;ent is from 5 to 
per cent of the. weight taken, which corresponds to an expense of 
.00 francs per 100 kilos of fat. 

A simple and effective method of treating oils containing fini'ly- 
livided catalyzer with hydrogen is described by the author f accord- 
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ig to which the oil and catalyzer is exposed to an ascending current 
f the gas. The oil and catalyzer mixture is caused to circulate in 
direction approximately transverse to the direction of flow of the 
:ream of hydrogen. 

Ai)p«mtu.s for the purpo.se is shown in Fig. 40/i. A treating tank i.s equipped 
ith a shaft, carrying mixing blades. Hydrogen is entered liy ii pipe at the 
ittom and passes out of the apparatus by im exit pqie at the top. The hell- 
taped affairs on the shaft may be used for the purpose of intercepting the 
iwaril flow of ttie gas, permitting of a longer period of contact. The tank is 
led witli oil containing catalyzer, finely-divided nickel from nickel carlionyl 
■mg .suitable for this purpose. The stirring apparatus is put in motion and 
?drogen introduced. The oil hardens very satisfactorily by this treatment. 

* bes Matures Grasses, 1914, 7 , 4151; J. S. C. I,, 1014, 072. 
t U. S, Putcat 1,095,144, April 28, 1914. 
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Humphreys * hydropcnates oil with an apparatus consisting of a 
closed chamber (Fig. 40/) having within it slightly inclined, sup¬ 
porting plates, one above the other, and successively discharging at 
their lower edges onto the uppe^r portions of the next succeeding 
plate with means at the bottom of the charnlicr for collecting the 
material Ixdng acted upon and delivering to a pump which conveys 
it back to the toji of the chamber to complete the path of circu’atlon. 

Mandelstam f hardens oil by a combined spraying and bubbling 

method employing apparatus 
as shown in b'ig. K)/. A closed 
tank heated by a steam coil 
is two-thirds tilled uith oil 
carrying a catalyzer in sus¬ 
pension. The puniiis i-hown 
on either side of th(' tank 
withdraw the oil and c atalyzer 
mixture from flu' lower part 
and spray it into tlu' gas si:aee 
in the upjier part cf llu' tank. 
Hydrog(>n is admitted by the 
pipe shown in the middle of the top of the apparatus and is forced 
into the oil at various places in the tank i>y means of sprayers or 
distributing devices. 

An intere.sting system of hydrogenating oils is deserilx'd by Mcore.J 
The oil is fed in a continuous stream into the upper jiortion of a ckeed 
chamber, where it meets a blast of hydrogen and is atomized. 1 he 
chamber is provided with a pervious filtering diaphragm {ontuining a 
catalyzer, and the mixture of oil and hydrogen in cx(‘('s.s pc'iietrati's t.he 
diaphragm into contact with the catalyzer whereuiwn the oil is satu¬ 
rated, and the hydrogenated oil and the excess of hydrogen pass into 
the lower portion of the chamber. 

The e.xceas hydrogen may then be freed of oil and re-used, and the hydro¬ 
genated product withdrawn in a continuous stream. To secure the greatest 
possible active surface, the catalyzer consists of a layer of finely-divided or 
pulverulent material confined Iretween layers of filtering material. It i.s stated 
to be difficult to force a large body of oil through such powdery mass, but, 
when the oil is atomized, it may lie forced therethrough without diffuulty if 
the pressure be sufficient. 

Moore finds that proper results cannot lie obtained after the particles of the 

*U. S. Patent No. 1,100,735, June 23, 1914. 

tJ. S. C, I., 1914, 1102; U. S. Patent l,114.fi23, October, 20, 1914 

tu. S. Patent No. 1,121,860, December 22, 1914; 1,184,480, May 23, 1916; 

J. 8, C, I,, 1915, 144. Canadian Patent 172,839, Oct, 31, 1916. 
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natalyzer Ivoomo oovorod with films of oil, for f.Iio roason that flio liy(lrog(Mi 
is uiia(>I(! to ol)(aiii ji(!('(‘ss thcrt'lo, and hoiico lio provides for cleaning the cat¬ 
alyzer of the oil and thereliy revivifying the former. This is accoinplislaal by 
causing thi' constant passage of hydrogen lltrough the catalyzer, and also by 
arranging tlie nozzles for llie oil and hydrogen in aucli manner and so moving 
them that tiie spray is directed jirogressively toward restricted areas of the mnsH 
of catalyzer, ilence. througli that jjortion of the catalyzer wliich at*th(' moment 
is not receiving tiie spray, liydrogeii is pas.smg tlirongli in such ([uanlifies and 
at such velocity us to blow off or ivmove the films or coatings of oil which 



Fig. 40A:. 


enclose the particles. Thus each restricted portion of the catalyzer first receives 
the mixture of oil and hydrogen, and is then freed of the oil, either as sueh 
or in saturatt'd or partially saturated condition, liy this procedure the (juantity 
of oil which any one portion of the diaphragm and the catalyzer is receiving 
is relatively small, and the oil is so broken up and mixed with the hytlrogcn 
that it is readily (tarried through the ejitalyzer l>ed, and hydrogenated instan¬ 
taneously, so it is claimed. By regulating the oil supply, the degree of solidity 
of the hydrogenated product is adjusted to any predetxjnnined point, according 
to the use for which it is intended. 
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Jii l''iK- 40/.’, an aiiparatus is shown consisting of a c,as(.-inotal c.asinjt foi’niin(< 
II cyliiKlrical ciiainlicr, transversely divided iiy a lilU'i' dia|)hriinm nmlaininn tlie 
eufalyzer. 'Phe diaphniKm consists of a perfonikid plate, iiiiou which re.sts 
a layer of wire cloth, iireferidily about 100 mesh. I'lion the wire cloth Is a 
thin layer of suitable inert material, such as a matt of asheslos fiber, bpon 
the layer of .asbestos is a thin layer of the catalyzer, and upon I his is placed 
another layer'of a,sbestos. The oil and hydrogen are introduced inlo the upjier 
compartment through down-turned nozzles. These nozzles are so located that 
the blast of hydrogen, traveling at high velocity, impinges upon the stream of 
oil flowing from t.he nozzle and atomizes the latter, directing the spray across 
the surface of the diaphragm. The nozzles revolve, and thus direct the spray 
Iirogre.ssively in a circle over the entire surface of tlie diajihragin. 

The Moore prooosK of hydronoiiiitioii used at t.he plant of the Berlin 
Mills foinpany, Berlin, N. H., is discussed by Hendricks,* who 
slates that, the ))lant is of a very highly developc'd seini-eoiniiiercial 
luiture with a capacity if ;{0,00() pounds daily. 

'Khe Ney process of hydroKC'ii.ation is carriitd oul witli the ajipfirii- 
tus in l'’ig:. 401. 

In (le.si'ribing his process Ney olkserves that the geni'viilly aei'epbsl theory for 
Ihe ex|)l‘in.'itioii of eatalytie reaetious is the formation of certain Instable inter- 
meiliale eom[)mm<ls of the eatalysl with one or more of Ihe reagents. In (he 
instance of the eataU’sts. like nickel, Ihe formation and deeomiiosilion alternate 
of a niekel-iiyilrogeii eompoimd or hydride is hypothelieallv presumed II is 

immaterial for the ]mrpose of the 
pri’sent eonsideration whether these 
hydrides are stable for any length of 
lime undiT eertahi emiditions or 
whether tlii'y always instantaneously 
are formed, deHimpose and are re¬ 
formed. In the teelinieal application 
of catalytic n-duction the fact alone 
is of importance that under certain 
favorab'c conditions the formation of (he hydride lakes )>laee and suli.s(‘(iiiently 
an e.xehaiige or transfer of the hydrogen atom from the hydride to the organic 
body. In considering tbc ilynamics of this reaction it is aiiparent that the 
hvilrngenatinn of organic Isidies must take place in a series ol distinct jilmses. 
When the organic body first eoines in eontael with preiiared catidyst in the 
jire.siniee of hydrogen, an insfiintaneous transfer of the .stock of hydrogen already 
Iiresent in the catalyst takes jilaee, iSul)He<|uently if the catalyst is again ex- 
7 )osed to the inlluenee of a fresh supiily of hydrogen, a reformation or regenera¬ 
tion of hydride follows, followed by a renewed transfer of hydrogen to fresh 
material until all un.saturnted bodies have lieeorae saturated ones. It Is, however; 
clour that thi.s is only the ease if the eutidyzer is permanently kept free of the 
organic material or where the organic Inaly can lie maintained in form of a 
true vapor or gas under the conditions of hydrogenation. 

In ease of organic material incapable of iMung transformed into the vaporous 



* J. Ind. Eng. ('hem., 9, 795. 
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lo pasooiis st/ito, (‘ntireJy difTorent conditions provnil. When tho matorial, such 
as a iiiixfure of 1 Ik‘ ^iyctiritics, of unsiitiirated fully acids first tho cat¬ 

alyzer, the first of fho al>ovo mentioned ])hjusc*s takes place. However, a.s the 
hyilro^taiated material and tlu* excess of the original pnakict keep on flowing 
over the catalyzer or n^acliiiig it in some otlier w-ay, tlH‘s<^ lMKli(*.s are not imme¬ 
diately removed as in (*aso of a true vapor or gas but rather on account of 
certain jihysical jiroperties as viscosity, surface adhesion and cajuBary energy, 
adltere strongly and tenaciously b) the c^dalyst or its carrier, thus preventing 
or gn'atly imjjeding ih(j reformation of the hydride tlue to the sealing up of 
lh{^ surfaces of tlie catalyst and preventing the actress of the hydrogen to it. 

In Ney’s proces.s catalyzer is placed in iMi.skoti^ mounted f»n a shaft arranged 
to rotate in a cliamlier containing hydrogen. Oil is atomized in tho chamber 
iiy means of flic atomizers shown on the right of the illustration, and the 
“oil-fog” produced impmg(‘s on the catalyzer. Owing to the relatively slight 
centrifugal force exerted uixrn the oil-fog, its jurnelrative properties are inher- 
(uitly good, while as coagulation of tlu* oil occurs so (hat a concrete drop or 
parlich* is jiroduced, then centrifugal aclion nmnifesis ifseif atul the concrete oil 
pariu'It* is ojecled from llte basket or drum. Hence it follows that while the 
catalyzer is fre(‘ly in con1a<‘l with the fog particles in the presence of the hydro¬ 
gen gas, the discref(‘ or con’*n*(e particles of oil arc removed from its .surfjucs 
by centrifugal action, and llu'ndiy tlu* catalyzer is revivified or ))revented from 
becoming soak'd awa>' from the Imliogi'ii gas, and its action upon the oil is 
constant and effective 'I'lms, the ndorniation (if (lie hydruie- (or other action 
produced f»y the contact of tin* catalyzi'r and hydrogen), is (onimually in )>rog- 
res,s \ catalyzer of .substantially constant hydrogen (or hydridi') content is 
secured.* 

In Maryott’s process f fats or fatly acids an* dissolved in some 
fat soivx'iit, such as alcohol, a<‘et.on<', ellier, pelroicnm other, bon- 
z<'ne, (‘hlorofonn, carbon disulidiide, carbon t<'trach]oride, or otiier 
fat solvi'iii aiul (lie fat or fatty acid, while in t.h(* solvent, is sub]ect(‘d 
to the action of liydrogcn in tlu* pres<*n(*e of sonu* cataly>5(*r, i)r(*forably 
ptilladinni. 

It is not. ncce.ssary (hat (lie fatty sulwtance 1 h* (*ompletrly dissolved in the 
solvent, for tnol(*in. for m.stunce. in alcohol at a tcmpeniture below that at 
which it is completely .soluble, is readily redueed m the jiresi'iice of finely- 
divided jialladiuni. In general, a solution conbuning about 25 to 50 ])er cent 
of fat i.s jireferable. 

The process (‘an Imi carric'd out in a rea<-tion chamlMT ])rovided \\il,h an agi¬ 
tator and suitalile mt'ans for regulating the temperature and gas pressure, 'the 
solution of tiu’ fat or fatty acid m the fat scjlvent containing in suspension the 
catalyzer, jireferaldy deposited on some finoly-divitled material a.s asbestos, is 
introduced into the (’liarnhor, aiul kept ngitabul to insure u unifonn mixing 
with the catalyzer, while (ht* 1em()eratunj is suitaldy regulated, and the hydro¬ 
gen conduct'd into the chamlxT under ai>propria1e pn‘Hsure. While the unsat¬ 
urated fatty bodies, when dis-soivcul, for inubince, in alcohol or acetone, are 

*U. S. Patent No. 1,1K5,704. June 0, 1916. 

t U. S. Patent No. l.(H)7.450, May 19, 1914. 
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hyfirogenized in llio |>r(‘S!‘nr(* of fin(*ly-<Iivi(l(*tl palladium al room tcmporaturo 
und 'r afmo.sjdu-rir pressure, a hijiher (emperalure and a greater j)ressure favor 
the reduction AfPu’ (he nslmUioii luis proeeedeil sufTii'icmtly far, as shown by 
tests of samples withdrawn, the mixture is riatioved from tlie naiction chamber, 
tlie catalyzer separated by liltratioii, and the solvent distilled off eitlu'r al alrnos- 
])herie jm^ssure or at mlueed pressure, or without distilling off (he solvent tlu* 
reduced fatty suKsbinee may Ik* largely removed by cooling and filtering olT flu* 
se])arale<l fat.. 

Instead of agitating the solution of the fat or fatty acid in the ^'action 
chamln'r, the solution i-ontaimug (he suspended catalyzer can be .'•played In¬ 
means of an atomizer inl<» a chamber of liydrogen, and after snflicient action 
the mixture can Ixi lj*ctited as above for the removal of the (aiialyzcr and tiie 
solvent. 



The influence of the solvent in facilitating the action of the hydrogen on the 
fat or falty acid in solution might find an explanation according to Maryott, 
m the l)ct(.er opportunity alTorded for tlie freer diffusion of tlu' reacting sub- 
stanee.s. Maryott .st-at<;s that lierizenc. gjusolinc, and ether arc solvents whieli 
greatly increaise the .speed of the reaction. 

According to the de Jahn process,* oil is agitat(‘d with hydrogen 
in one vessel and then passed through a second vessel containing the 
catalyst. The circulation of the fat is continued until hydrogenation 
is complete. The apparatus ust^d by do Jahn is shown in PTg. 40w, 

•U. S. Patent No. 1,131,339, March 9. 1915; J. S. C. L, 1915, 434. 
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tlio .iRitutiiiK vessel appenrinp: on fh(' righl, and (he calalyzei' ehainher 
on (,he left of the illustration. 

The eatalyzer, whieh may eonsist of eohalt. palladinni, or nickel, is 
carried in thin layers on an inert material, sucli as porous burnt clay 
lumps or pumice stone. 

Various forms of apparatii.s arc cni|)loycil In- Calvert,'' one of wliicli is sliovvn in 
Fig 40 h, ami consists of a ga.s-t.iglit inclosurc compn.sing a commingling cliiiinhcr u, 
a motor cliamhcr c, ami a pi]>c il connecting llic two. Tlic li((ni(l to lie Ircalial 
siicli .IS oil, IS placed in the coininingling ctianilicr <i The commingling incims 
IS in the loriii of stirrer IJadcs r nionnted on a sliaft h, wincli passes through 
the ]iijic il and is driven liy a motor / located witlmi the motor I’liainlicr c. 
In tlic case of the hydrogcnatioii of oits / is lU'cleialih a motor of the induclioii 



typo so ns to avoid sparking. ’I'lic gas which is to Ih> cominingicd with the oil 
is siiiiplicd to tlic gas-tiglit inclosiirc tiy ii pi[io {/ w-lncli for in,stance riiiiy he 
coapcctcd to the motor I'hamhcr c, tlic gas inissing from the ehainher through 
the jiipc il into the I'Oinmiiigling chainlaT «. Jn the liydrogenation of oils this 
jircssiirc is .soiiict lines fairly high and hence the great diflieiilty aa.soeiated with 
the |irevention of leakiige if the stirring mcehanisin for the shaft b [lasses through 
a stufhng gland, fii the a[i])ariitiis of Calvert then' are no packing glands for any 
moving jiarls [lassing through the walls of the gas-tight inelasiirc and eonseiinently 
hydrogen eiitinol leak from the inferior of the ve.ssel. In order to [ireveiit va[)or 
rising to the motor chamlier e and to iiiiiintain this ehatnls'r fairly cool, a jacket i 
through ivhich water circulates may lie arranged on the connecting [ii[)e. d. The 
finished [irodiiet is removed from the raniniingling ehainher a by a pipe k. 

.Vnother form of the apparatus, Fig. 40u, has .stiri-ers driven hy an electro¬ 
magnet [ilaced outside of the hydrogenation chamber. f>n rotation of the shaft 
*U. S. Patent No. 1,123,092, Dec. 29, 1914. 
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ciirryiii^^ tiic (h(' slirn’rs iiisifh' fh** cliiinilK'r hh’ Ia iihi^^nctic 

.TCt.lOll. 

AI('<'li;iTtK*:il of tlio <uit;ilyst is i>y Walter,' through 

the applicatiuii of a inagnct.h- field. If Hie catalyst itscll is not mag¬ 
netic it is. supported on a magnetic liody. By ra])idly making and 
liieaking the circuit- fonuing tlic niagncUc field, fi’csli jiarts of the 
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catalyst can continually bo brought into contact with the reacting 
substances and tiie catalyst can !«■ moved to different part.s of tho 
ai)pai'atus. For reactions with gases the catalyst is supported pref¬ 
erably on nets or perforatetl ])laU's and a magnetic field is maintained 
permanently near the outlet to cause the settling of any material 
carried along by the gas. t 

By another method proposed by Calvert | a mixture of oil and 

♦Oorman Palciil No. 29.5,.V)7. .April 20, 1913; .1. Clirni. Soc iniS, Ab.s., ii, Ki.t. 

t.Sce al.so Frcnrh ratciit to Walter, No. 471,lOK, October 15, 1914. 

X J, S. C. 1. 1915, 434; British Patent 5907, March 9, 1914; 0. S, Patent 1,1-12,008, 
Junes, 191.5. 
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catalyst is trcalod with hydrogen in a closed vessel containing a rotating 
comb-shaped agitator surrounded by a stationary gauze screen, which 
finely sul)divid('s th(' oil, while a centrifugal propeller at the base 
flings the mixture upwards to be beaten and subdivided again. 


Calvert elaims (hat improved results are obtained when, in addition to pres- 
sure, thore arc ropoatcti .shocks or imparts a[)j»lK*(t to the oil uih!(t jircssuro. 
Such a .^hock, it is ailo^^rd, cannot he applied readily l)v aid of ii spray 

'J'lie oil is hydropenated hy suhjcrtinp a hot mixture of oii and catalyst, under 
pressure and in the presence of hydrogen to such rejiealet] ineclianical shocks or 
!in)ja(‘ts 'rhis may lx- clT(ctcd hy means of rotary lieaters In treating oi! for 
cdiiili' use, it is import tnl to avoid d(‘coinp()sifion of tlie fat and ('alvcrt staU's 
this can host hi' doin' l)^ einployinp liltih pre.vsures of hydro;»en, as such li!«h 
{ircssurcs not onlv prc\cnt dccomjiosition. but tliey also facilitate the ahsoiption 
of hyilropen hy the fat. Pressures up to and aliove 2.50 ib. per scpiarc inch are 
Uf50d. 



Thfi mixture of oil and catalyst is supplied t.o a closed container, PiR. 40p, 
of spherical form to wiflid-ind the lunh iircssuros employed, and fitted with a 
commingling <lcvice which imparts shocks or imjmets to tlio oil and catalyst. 
This ilcvice consists of a propeller at tlic base and rotary agitators above, in 
the form of a comb. 'I'ln^se rotary or moving jiarts are mounterl on a shaft 
whicli is driven by a motor inclosed in a casing over the spherical container. 

The temperature of operation is chosen w^'th regard to the kind of oil to be 
treiitc.l It will be found on trial, - (’alvert stat<?s, that th(*re is a compar¬ 
atively small range of temperature at wliieh absonition Is most active. 'I'lie 
curve showing the rate of absorption and the temjicrature follows practically 
in a straight line till a certain ixiint is reached, when it eea.ses to have an 
upward inclination and passes over into a suKstantialiy horizontal line. This 
curve is indicati'd in Pig. 40f/, which is the approximate curve for fish oil. 

The rate of alisorption, lus stated, is also increased with the jiressure and espe¬ 
cially in the case of vegetable oils intended for f<K)d purposes tlic pressure should 

be high to prevent decomposition. In the fitter ease the pressure should bo 
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above 250 ll). per a<}uar(i inch, and may he as high as 500 11). to 600 lb. iier 
scjuuro iiHjh. Wijak* oil has been deodorized in twenty minutca, and hydro¬ 
genated to a hard fat m fifty-five ininutcs with the Calvert apparatus. The 
aiiproach of the poml. of saturation can be readily ascertained by ob.serving 
the absorption of the hydrogen by a suit-al)Ie gauge on the hydrogen supply 
pi})e. With this ap])aratus tliere is little likelihood of ieak;ige of hydrogen so 
that the gauge gives a correct indication of the rate of absor])tion. 

Pictet * iiy(ln)p;cnatos oil i>y causinp; it t.) flow by griivitation, with 
or without tho addition of a catalyst, through a s(‘rios of cominu- 
nicating tulics the walks of which are coniposiMl of a eal-alytic irudal. 
The inner surface of the walls of Uk? tulw's is submitted to a preliminary 
tr(‘atm(Md to inen'use the catalyti(‘ activity of f.iie metal. Hydrogen 
is inf i-()(lne;*{l into tlie tulx's, and the oil is rmbdivided by rotating 
devices, which constantly brush against the inner walls. 



Details of the apparatus t of Birkeland and Bevik (see p. 36) 
are shown in the aceornpaiiyiTig illustration. F'ig. 4{)r is a hydro¬ 
genating apparatus shown in seef-ion. Birkeland and Devik state 
that when an efficient catalyzer, for instance pyrophoric; nickel, and 
a good oil is employed, the hardening will be effected in from ono-half 
to one liour. 

They observe that it is advantageous to employ inject-ors which are so con¬ 
structed that the shajie or thickness of the oil jet may be altered, beciause 
sucli alterations during the working have proved to be necessary in order to 
obtain at each moment tiie best possible atomization and distri!)uffon of the 
gas in the liquid. To obtain this a member adjustable from the outside may 
may be provided in the injector. The oil is introduced into the vessel 11 through 
adjustable injector nozzles 12, so as to produce a mixture of the very hot oil 
with hydrogen, d'his milky-white mixture, in which the bubbles of hydrogen 
are too small to be observed with the naked eye, is then introduced through 

* J. S. C. I., 1915, 4134: I-'roiich Patent No. 472.0S0, July 24, 1913. 
t U. S. Patent No. 1,12.5,259, Jan. 19, 19l5. f^ce also Nos. 1,271,575 and l,27l,ri''i) 
ij56ued July 9, 1918 to Ittner. 
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a redaction valve, 111, into a larRer vessel, 14. Birkeland and Devik claim to 
have found that under this expansion the intimate mixture of oil and hydrogen 
givei off malodorous volatile sul)stances whicli may he condensed and washed 
out by piussing the gas through a condensation and wasliing ajipanitus, 15. 
Thii is slated to have the advantage of eliminating several substances (volatile 
amines, water, etc.) before Ihe atldition of the cabilyzer so that on the one 
hand an unnecessary inactivation of th<* catalyzer i.s obviated, while on the 
other hand hydrogen is consumed only for the purpose of hardening ihe oil 
Itself and not for the hydrogenation of the volatile^ IxMlies. d'he hydrogen gas, 
after having passed through the vessel, 14, and having thereujion been puri- 
fie.l, IS then again compnis'sefl and limught into cireulation an(*w by being intro- 
duc(Ml into the hydrogen sjiace, 18. Wlaai the oil has in this manner been 
freed from various malodorous volatile substances the hartlening jiroitc.s.s may 
be starlel l»y adding the catalyzer to the oil. During the hardening operation 
the same circuhtion ;us liefore de.scribed may be maintained or the inlet to the 
expansion tank may lie (dased and the oil maintained in circulation only through 
till' jiressure ve.ssoi, 11. 

8aine dcitails of Utescher’s process (see page 33) are found in U. S. 
Patent l,124,r>()(), Jan. 12, 1915, where the observation appears that 
it has already been proposed to render fish or train oil odorless by 
subjecting the oil which is maintained in motion, to the action of 
silent electrical discharges in the presence of hydrogen. 

hy this means the fish or train oil is at the same, time hardened, as the 
glycerides of un.saturatod fatty acids are saturated by ooml)ining with hydrogen, 
and as particulirlv the glyiteridcs of oleic acid are partly (converted into glycer¬ 
ides of stc‘;iri(! acid. Flirt,lior it has been proposed to convert unsaturated fatty 
acids or their glycerides into saturated eoini>ounds, by treating the fatty sub- 
stances with hydrogen in the presence of u finely-dividetl contact metal oi 
cata,lytic agent, such as finely-divided nickel or finely-divided platinum metals, 
and that it is his obje<;t to f^ombine these two procc.sscs, 

According to Utc.scher the silent elecfriiud di-scliurge is chiefly used for mair- 
taining the catalytic or contact substance permavnitltf active and for consid¬ 
erably increasing its activity. The fatty substances are either mixed with the 
finely-divided catalytic agent or contact substance and are then exposed in the 
usual manner in the form of a thin layer, to the action of silent electrical 
discharg(‘s in suitable apparatus, or plates of the contact metal or contuot sub¬ 
stance arc arranged in a suitable manner in the apparatus, in which the silent 
electrical discharges take place. The rays of the silent electrical discharges are 
preferably allowed to impinge the surface of the contact substance or catalytic 
agent. 

In carrying the process into effect, apparatus of the type in which the dis¬ 
charge itself is jircventcd from coming into direct contact with the fatty sub¬ 
stances, so that solely the chemically-active rays of the silent dischargc.s come 
into action may be employed; for instanc.e Ute.schcr state.s, the mercury lamp 
may be u.scd The rays from such a source are allowed to impinge on the 
surface of the contact substam®. Ry means of this combined process Utescher 
declares it is possible to effect combination with the hydrogen, while the com¬ 
bined effect exceeds the effect of the total of the two agents acting separately# 
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The process renders it possible to effect the saturation of the unsaturated fatty 
acids and their glycerides, without mixing finely-divided (xmtaot metal therewith. 
90 that the ex|>ense incurred by the recovery of tht; contact metal from the 
oil and by the regeneration of the cxmtact sultstanec i.s saved. When using 
metal plates in carrying out the jiroeess it is sufficient to heat the jilates from 
time to time. The proc&ss may also be cairried into effect by coating the glass 
tubes in which the silent discharge tokes place with a thin layer of contact 
metal and by arranging ])iato.s of contact metal in tlie reaction space 

The action of the electric rays on contact metals is such that cataly/.ers are 
said to retain an increased activity even after the oil treatment rendering it 
po-i.sible to also carry the process into effect, by first subjecting the metal to 
the action of electric rays and by using the thus prepared metal as a contact 
substance during the treatment of the oil with hydrogen. 

In order to render the metal active it is subjected to a cathode atomization 
treatment in an atmos|)hcre of hydrogen. The method of procedure is as fol¬ 
lows: the metal plate which is to serve lus contact substance or catalytic agent 
IS used as cathode in the atomization iiroccss. A pm of metal is ti.sed as anode 
The chamber is first evacuated, whcreui>on hydrogen which has iireviously been 
carefully dried Is intro iiiced. The electric current is then pas.sed iJirotigh while 
at the same time a contiimo:is alow stream of hydrogen traverses the :ipiiaratu,s. 
During the evacuation care must be taken that no traces of oil or fat vapor 
penetrate into the vessel, as these would ileposii. on the metal and cause tlif- 
fiinilties. A.S by tliis treatment a liigh chemical activity is sad to be imiiurted 
to the metal, air must not bo allowed to enter the vessel imniediiitely after the 
completion of the atomizing ojieration as thi.s miglK caii.se uxy-hydrogen gas 
explosions, ff’he hydrogen must first of all 1 k‘ disjilacetl by nitrogen. As soon 
as the activity of the metal has disapiicarcil, after having burnt off the fat, 
it need only lie aubjected to a renewed treatment as above. 

Walker * claims tiie combined application of a high-tonsion olcc- 
trical discharge and catalytic material in the hydrogenation of oils. 

Aeeording to bis met,hod a receptacle is provided containing a hollow metallic 
plate which is capable of being beate.d, on whicb plate the catalytic agent is 
supported. Nickel or nickel oxide is recommended as catalytic material, d'ho 
hollow plate also serves .as an electrode. Near this electrode is mounted a .second 
electrode. Oil is projected agaimst the heated plate by means of hydrogen 
acting as an .atomizing .agent, the finely-divided oil particles being allowed to 
impinge upon the he.atcd plate while an electrical discharge is maintained be¬ 
tween the electrodes. Referring to Fig. 40.s, 1 Is the receptacle and 2 the hollow 
metallic plate provided with an inlet jiipe 3 and an outlet pipe 4 by mcan,s of 
which superheated steam is pa.ased through the hollow plate The plates ,5. 5'. 
together constitute a comixmnd b-rminal electrode cooperating with the electrode 
2. 6 is a source of high-tonsion current. One of the leads 7 from this .source 
connects with the electroiles .5, .V, while the other lead 8 connects with the 
hollow plate 2. An injeotor 10 is maintained at 9 in the walls of tlic receptacle. 
IJy means of this injector, hydrogen and oil under high jiressiire is caused to 
impinge upon the plate 2, contacting with the finely-divided catalytic agent. 
The latter may lx; supported by means of channels or corrugations in the face 
•Chem. Abs. 1915, 729; U. S. Patent No. 1,123,902. January 5, 1915. 
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of flio plato. Tho Itij^h-f.onsion oloofrical discharge i)asscs from t)tie elo trode 
member fet the other, through the spars* Ijcfwrs'n the elcetrodi's, acting on tlie 
liyilrogeii ami (inely-divideil oil traversing this .s|>a(s*. Walker claims tliat 
lenct.ion results Ihiotigh the tsiinhined inllneins.* of the electrical discharge and 
till* catalvtic agent It is stated by Walker that hydrogenated oil is secured in 
this manner, without the injurious results which often follow frciiii subjecting 
oil to “ the extended apjihcaliou of heat.” 

McElroy* doseribes a pr()(‘c.ss of hydrogenating oils willi apparatus 
shown in P’igs. 40/ and lOit, as follows: 

A tank is provided with a sleani-ht'ating coil and hydrogen inlets 
and outlets, lit the ttip, on the right-haiul side, is an oil-charging 



pipe. On the top is situated a liousitig eontaining a pump or blower, 
the latter being arranged to draw in hydrogi'ii front a point just below 
the top of the tank and to propel it to the bottom. 'The hydrogen 
diseharges at that point through a revolving distributer shown in 
Fig. 40it. There is a pressure-equalizing opening in the housing floor. 
'The tank is filled with oil to the level indicated, A screen is placed 
above the oil-level to servo to .break up bubbles or foam. Nickel 
oil pumice or coke is suspended in the oil and the contents of the 
tank are rai,sed to 150° to 200° C. A pressure of hydrogen of five 
or six atmo.sphercs is attained and the gas i.s caused to circulate from 
top to bottom by means of the blower in the housing. The discharge 
of hydrogen tlirougii the distributer causes the latter to rotate and 
sweep the bottom free of catalyzer. 

♦U. S. Patent No. 1,157,993, Octolicr 26, 1915, ' 



THE IIYDROOENATIOK OF OILS 


•fe, 


In a hydrogenation system involving the bubbling of hydrogen 
gas through a body of oil carrying catalytic material in suspension, 
the hydrngcui may be transferred from one gas-holder to another, 
passing through the oil, while, undergoing such transference, acemding 
to Ellis.* In order to .secure a better utilization of the hydrogen, it 
may be preheated by passing through a heat interchanger through 
which hot hydrogen issuing from the converter is conveyed. 



Fig. 40(. 


An apparatus has been devised by E. Emmet Reid f and used for 
the study of catalytic hydrogenation, but may serve for the study 
of any reaction in which a gas is to be brought into intimate contact 
with a liquid under constant conditions. The problem is to intro¬ 
duce a high-speed stirrer, inlet and outlet tubes, and, possibly, a 
sampling tube through a comparatively small stopper and to render 
the whole gas-tight for both increased and reduced pressure. The 
apparatus is shown in the sketch in section. Fig. 40i’. 

*U. S. Patent No. 1,247.095, November 20, 1917. 
t J. Am. Chem. Soo., 1915, 2112. 
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The bearing, AC, is made of two pieces of steel ro(i, Mi, and Rf, 0.5 and 1.5 
in. long, respectively. Itoth of these have a ^-in. hole drilled longitudinally 
through them, th(*n the longer one is drilled out to a si/e of ahout -^2 for most of 
its length, i.e , from R to I). The shorter piece i.s tunus! down h)r Iialf its 
length till it fits cIo-m'Iv into the other, so that a double bearing is formed, with 
an enlarged cavity in the central portion. The two parts are as.'-eiibletl and 
channels about Ai !>>’ A f^^e rut in o]>po.site sides us shoAMi at ./ and K in 
cross-section in I'^ig. Mhr. Care must he bikcn that the chaniuls do not cut 
through the walls of the cavity. I'he A brass tubes that are used for the 
gas inlet and outlet tubes are hud in lheai‘ channels which are then filled with 



b'lG. 40?i. 



P'’Ki. 4(he. 


40.r. 



.solder, the solder more than filling the channel'^. I'he excess of solder is turned 
oiT 111 the lathe so tiiat tlie whole is a perfect cylinder e.\ternally and adapted to 
niak(> a tight joint wiien nassed througli a cork. 

The vstirrers may be of any suitable form, but the Witt centrifugal stirrer 
shown is one of tlie licst, a.s when rtin at high speed, it effects very thorough 
mixing. The .stirrer may be made of glaas and listened to the shaft by a bit 
of wire which passe.s through a hole in the shaft and through holes in the 
stirrer. The shaft, S, is of ^-in. drill rod and carries a pulley of suitable size. 
The inlet and outlet tubes are bent as shown and carry enlargements so as to 
make convenient joints with rubber tubing. 

The bearing pa.«sc8 through a bole in a 0.5-m. rod, F, and is held in place 
by a set screw, G. This rod is conveniently clamped to a laboratory iron stand. 

To assemble the apparatus, the shaft is pushed a short distance into the 
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*U. S. Patent No. 1,247.095, November 20, 1917. 
t J. Am. Chem. Soo., 1915, 2112. 
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well as <arl)Oii iiioiioxidc. Owiiin fn ... <if earlain ilinxiile ,,r carlioii 

iiHiiioxide or holli, eoiisid('rai)I(‘ pressures :m‘ ^eneraled. 

FllKCi'ls suKRr'sts the fnllowillt: 

1. .Nickel formate as the rerlueiiiu iinruit and the eafalysf 2. Zinc formate 
as the redueuiK aneiit loKcdher with a known eataK-.sl.. :i. Zme formate lus the 
rediieiiiK auent adnnxed with palladiuni eliloride wineh under the eondifions of 
workiii);; is eonverled into a eatalylie suhslamv hy the action of the nine formate. 

Tile heafmc must !«• eondueti'd with care, as local superhentint; may cause 
.spontaneous formation of oxalate from the formate and is liable to produce 
explosion Kor this rea.son the aiiiiaratus ninsi he proxuded with necessary safely 

The riaiclion can he conducted praetieally i|Uant.i(afively, hut for eommereial 
purposi's an exeo,s.s of ihi- leatumt over the theoretical amount neeessarx' is pref- 
erahly em[)loyed. The materials takniy part m the aition 'loiild he dry. 

The temperature may vaiy with the formate or mixture of formates or other 
reagents eiipiloyeil, hut m general may he in the neiKhhorhood of 211" below 
the point at xvluidi the lormate usi'd, sfiontaiuamsly decomposes to the o\alal(‘ 
u ider the jire.ssme e.xistmn in the apparaliis at the lime of so heatm({. 

I'AlK'riinciits hy Kalnin ivportoil liy ifcriiius ♦ litivp shown (Imt 
hy(lro(>('iiutioii is (‘fi'cetod by lioiifinu oleic acid wit )i alkali ul .'100° ('.in 
hydrosi'ii under a pri'ssiire of Ihirty atiiiosplieres. 

,\s the process is not a ealalylic one, it is indopendeni of the purity of the 
oil or the hydroReii .Simultaneous hydrot:enalion and saponification, in the ah- 
senee of catalytic aneiits Hery.iiis lielieves will prohahly jirove a cheaper |iroeess 
than that in use. ('ominentiiiK on this jirocess, the author t observes that it 
is iiroposod to Iiiil this hydroneiialed and more or li'ss sapomlied product directly 
into the SOU]) kettle and work it up into soap. The hinh tins pressure required 
is a drawback from the eommereial standpoiiit. 

Barbe tind De Paoli | desiTihe ii procc.s.s for the (ransfoniitition 
of liipiid into solid fiitty acid, which is curried out in the followintr 
niuinier: 

Oleic acid is introihieed into a aiiilahle lead-lined aiiparaUis provided with a 
stirring .device and a lead coil, which latter, hy means of a two-way cock, may 
be caused to act either as a heater or a.s a refriueralor. The temperature is 
held below -10° C., and equivalent nioleeiilar quantities of eoiieentraled suljihuric 
acid of 00° He. are iiitroiluecsl and sfirrinR is eonlimied until development of 
suljihiiroas anhyilride ceases. By these means the l.r.insforniution of the oleic 
acid into siilpho-iso-oleie and sul])ho-oxy.stearie aeals is elVeetad, which acids are 
doeomposed liy .simple hoilinK in water into .sulfihurie acid. It happens, how¬ 
ever, that diiriiiK the loiin hoilinu in the presence of .sulphuric acid, necessary to 
decompose the siiliiho-aeids, the iso-oleie and oxy.stcaric acids are dehydrated, 
thus giving the corresponding lactones and imhydridcs. These have a relatively 
low melting-lioinl (about 2.5' C.). It is, therefore, necessary to restore the water 

♦Zoit.'^ch f anpew. (‘horn., 1014, ,524. 

toil, Paint ami Onip Uoporter. ()pti)l)<*r 20, 1014, IH. 

* X Britiah I’atx-nt No. 24.K37, May 5, 1908. 
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to llic iitihydrulos and convnrt t)iom aKain inlo a(a(ls, wlia-li is easily c'lTcctod 
by saponification. 'I’hc naxture is saixniifii'd by ammmiia and treated with wild 
water in onha' to s{‘]jarale the oleie aeid. 'Fhe ammonia used for tlai .saponifi¬ 
cation IS eventually |■(*covered tiy Ixiilmp;. IJy proowding in tliis manner Uarbe 
and De Paoli have obtained from oleic acid as .nuch as G5 ;ier cent of fatty 
acids having a inelting-iiomt of 70° C. 

'I’iie bi'nefits to (fermany of the hydrogenation proee.ss are referred to in an 
article by Hugo Schweitzi-r,* who .states that the eheap and la-actical metliods 
winch wer<‘ evolved by the military authorities for the generation of iiydrogen 
are now utilized in one of the industries which lias recently become of the 
highest iiniiortance, namely, the manufaeinre of what are called “hardened oils 
and fats.” Hy treatment with hydrogen, oils and fats in the licinid state arc 
eonverted into solid materials, whieh usually command a higher price for tceii- 
nical jnirposes, sucti its the iii.aniifacture of soap, etc ; and low-class fatty sub¬ 
stances, which arc no! fit. to lie eaten on aeconnt of their aiipearanec or odor 
may be transformed into valuable food materials. It must also be noted that 
the cheap iirodiielioii of hydrogen is one of the prominent features in the mim- 
iifaeture of sul]iliat(> of ammonium aecording to the Halier i)roee.ss Thus the 
maiiufaetare of hydrogen, while originateil for mililury purposes, he claims is hel])- 
mg to feed tile nation by providing new edible substances, on tlic one lamd, and 
a new source for fertilizers on the other. 

A I.'ihoriit oi-y iiiotliod for tin' hyilroRpiiiition of olc'ic acid is described 
by Dubovitz f d'lip hydroKcn cmployod is pniparcd from ai-sciiic- 
frc(' zinc, inid is |)urified t.iy iittssinp; it succt'ssively l.hrouuli a mixture 
of fi'iTic, oxitlo and sawdust, pot.assium bichroinate and sulj imric 
acid, sodium hydroxide solution, a tulio coiifaiiiing palladium, and 
concentrated suliihuric acid. Catalyzer is proptirtai by dis,sol\inR 
51) grs. of nickel nitrate in hot wtiter, adding puini((> stniK' washed 
jireviously with hydrochloric, acid and ignited, evaiwrjiting the mix¬ 
ture and igniting the residue in a nickel btisin until all nitric acid has 
been expelled. The ignited residue is then packed into a tube lOlf 
cm. in length. Oleic acid, dried previously at 110“ is contained 
in a Hask connected with one end of the tube. The, air is exhausted 
from the whole apparatus, and hydrogen is passed through the oleic 
acid heated at 270° C. The tulie containing the catalyst is heated 
at 300° to 350° Ck, the nickel oxide therein having been reduced in a 
current of hydrogen under reduced pressure at 100° C. The, hydrogen 
bubbling through the oleic aeid carries with it a quantity of oleic acid 
vapor (a low pressure being maintained in the apparatu.s) and the 
gaseous mixture passes into a tulx; containing the catalyzer, where 
hydrogenation of the oleic acid takes place. 

Successful results arc said to depend on (1) the purity of the reagents 

* Popular Science Monthly, Decombor, 1914, 587. 

fSoifen. Ztg., 1915, 804; J. Chem. Soc., 1915, 1049; J. S. C. I., 1910, 127. 
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used ill makirif!: catalyzer. (2) The construction of apparatus. (3) 
The skill and experience of the chemist. 

The distillation of fatty acids hy means of hydrogen as carried 
out by Dubovitz is not regarded by Normann as having any features 
of novelty.* 

Robson t mlviiiircR the interesting statement that there is, “as the natural 
oonseriiiencp of the inconi-lusive litigation which has cost tlioii.sands of poiiiicis 
:i'i I has been practieally settled out of court, so far as it has been settled, a 
I'Tif (led of secrecy connected with the proces.sc.s and .such jiniitcd accounts 
ii.‘ the processes and .so f ir as are permitted to .appear in tcrliiiical literature 
nrc carefully non-coniiiiital Many stones are told as to the way in which 
tile nickel is used Some say it is used as du.st, .some that the oil is forced 
t.hrough tuhes packed with thin nickel wires parallel to the length of the tube, 
others again that the iiiekcl itself is made into tubes, forming long circular 
worms, which are .supplied with 
the necessary lieiit. from outside, 
or through winch the already- 
heated oil is passed No one 
knows except the superior officers 
of the factory " 

Contrary to the observa¬ 
tions of others, Arnold t 
as.sert,s that in hydrogenat¬ 
ing fats and oils it has 
been found that the mere 
pas.sing of the hydrogen 
through the fat or oil tines 
not cause the gas to bo 
readily absorbed, and that 
a more intimate mixing will 
greatly reduce the time re¬ 
quired to produce the de¬ 
sired reduction. 

The apparatins illustrated in 
Fig. 40// is stated to he [larticu- 
larly desirable for producing the 
reciuired intimate mixture and 
to greatly reduce the time re- Fiu. 40)/. 

quired for the treatment. The 

mixing of the oil with the gas i.s accomplished by imparting a rotary motion 
to the oil in the lower iiortion of the tank and causing the whirling liquid to 
be thrown upwardly into the .space occupied by the gas, by means of blades 
♦Scifen. Ztg., 191.5, 398. 
t Drugs, Oils and Paints, 1914, 211. 
tU. S. Patent No. 1,181,206, May 2, 1916. 
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or clefloctors whioh depend into the Ii(]uid. 'I’he oil is thrown violently against 
the top of the tank so that it is broken up and descends through the gas si)ace 
in a shower, thus causing all portions of the liquid to come into intimate contact 
with the gas. 

Hoehn* considers agitation of fatty material in the hydrogenation 
process to be undesirable. 

He observes that violent agitation of the fatty material or oil possesses marked 
disadvantages, chief among which may be mentioned the bubbling of the hydro¬ 
gen in or through the oil or fatty material, and that the best results are ob¬ 
tainable ]>y subjecting a nia.ss or “lake” of the fatty material or oil having 
the finely-divided (catalytic agent in su.spension, and having a relatively large 
exj)osed area or surface and a substantial depth, to the action of an aUnosjihere 
containing hydrogen. In Fig. 40^ a tight liousing encloses a series of jians 



Hydrogen 

Outlet 


Fio. 402. 

in which the oil is exposed to the gas. The oil enters the lower pan and is 
pumped successively to the intermediate and up])er pans, finally returning to 
the lower pan. d’he saturated oil may be drawn olT from any one of the pans 
through outlets near the bottom (shown in the drawing midway of the pan). 

For hydrogenating oils, Lane t proposes apparatus consisting of 
a vertical cylindrical vessel which is heated by means of a steam 
jacket or otherwise. Beaters rotating horizontally round a central 
vertical shaft, alternate with annular sloping shelves on the sides 
of the vessel, so that the oil entering at the top is alternately sprayed 
outwards to the sides and guided to the center of the beaters next 
below, and so on until it reaches the bottom; it is then pumped again 
to the top of the vessel. J 

*U. S. Patent No. 1.189,817, July 4, 1916. 

t British Patent No. 908, Jan. 21, lOl.'i; J. S. C. I., 1910, 042. 

tS*o also French Patent No. 481,504, Dec. 13, 1916; Chem. Ahs., 1917, 3122, 
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De Hemptinne’s pro(ress for eliminating the odors of fish oils * 
consists in submitting the oil to the action of the silent electric 
discharge in an atmosphere of hydrogen. 

The hydrogen is fixed by the oil and after a sufficiently prolonged action of 
the silent disf^hargo, the chara<'teristic odor is gniduiilly modified and disaiipcars. 
At the same time, the oil becomes thi<“ker. latter fact is duo not only 

to tlie, fixation of the liydrogen, lint also to a conversion of the oil under the 
influence <»f the silent discharge 'the elimination of the odor of fish oil may 
however, effeded in any gaseous atmosiihere: (1) bccDUse the oil is modified 
l>y the action of the silent disidiarge, inde])endently of the action of hydrogen 
introduced from an outside source; (2) because the silent discharge always de¬ 
composes some of tlie oil, so that niore or less hydrogiui is evolved, wliich is 
again fixed by the oil. In this way, even wlien operating with utlier gas, th(*re 
is still an cficet due to hydrogen. Analysis has shown that after some time, 
when operating with air, the ga.seous mixtiin' was composed as follows: 10 per 
cent of carbon dioxide, 20 p(‘r emit of hydrogen, 
and 70 j)(‘r (^ent of nitrogen. 'I'he conclusion 
is that the elimination of the odor of fish may 
be efT(*cted m any atmosphere; but it is efTected 
more rapidly and above all, more effieieiitly, in 
an atmos])hcre of Iiydrog(‘n. h’lg tO'/a shows 
apparatus used l)y de Ilernpt.inne 

A quantity of th<^ oil i'< introduced into a 
cylinder, A, in which are arranged on u shaft a 
series of parallel plates, alteniately of metal li 
and of glass, or other insulating material, C. 

Tiiese plates are several inillnne.ters distant from 
each other. 'I'he metal plates of odd nurnlwrs 
in (he series are conneeted together and with 
one of the poles of a source of electricity by a wire, F; ainnlarly, the plates of 
even numlxirs arc connectc<i together and with the other pole by a wire, G. 

The cylinder is rotated by means of a pulley, I), ami owing to a number 
of gutters (j fixed to the interior of its wall, the oil is continually sprinkled over 
the upper part of the plates and thus fonns on them a thin and mobile layer. 
The cylinder being filled with hydrogen, for instance, the silent electric dis¬ 
charge is caused to pass. The gas is fixed by the oil and gradually removes its 
odor. From time to time the apparatus is stopjied to introduce a fresh quan¬ 
tity of hydrogen corresjionding with the gas that has been fixed. 1'hc apparatus 
is provi<led with the cocks necessary for the introduction of gas and for the 
withdrawal of the oil. 

Solomonoff f sets forth a process of hardening fats, stearic acid, 
palmitic acid and other fatty acids, naphtha acids, commonly known 
as sludge acid, waxes and the like, the object of which besides raising 
the melting-point is to make the material amorphous so that it may 
be used for the manufacture of candles; also for the purpose of render- 
• U. S. Patent No. 852,662, May 7,1907. 

t J. S. C. I., 1911, 1125; U. 8. Patent No. 1,002,186, August 29, 1911, 
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ing stearics acid and fiimilar mat-orials harder, so that they may bo 
used for insulating and other purposes. To this end, the fatty material 
is treated with anhydrous ammonia or other anhydrous alkali. 

An exuinple is lus follows. Powdered fatty acids arc mixed with nirmioiiia, 
by pas.siiig t.lirough the fatty acids a .stream of ammonia gas, or Ibev an' mixed 
with dry alkalies or suits of idkaUes for five or six hours. If salts of volal-ik'acids 
are used, they give otT the aci<ls and form <lry salts of fatty a»‘uls Tliese salts 
are thus inix’cd with uncombined fr(*e fatty acitls. If salts of weak lum-volatile 
acids—for instance, ammonium borate--are used, they form the same salts of fatty 
acids. The re.sultmg salts can be sejiarated from free bone acid by melting the 
product; boric aiatl goes to the bottom The (luantities of alkalu's u.scd arc dil- 
foront according to their nature aiul to the desired product. Dry ammonia may 
be used in amounts ranging from 0 5 (o -4.55 ikt <vnt. The more ammonia or 
salts used, the liigher the ineltmg-poinl of the resulting fatty liody 

Dcrivutivos of trimcthylaniine, apj)licai>l(‘ in the manufacture of 
soaps, candles, and in gt'iioral as a stearine substitule, an* prejiarc'd 
according to Herzmann * by allowing trimetbylamine to acd ujxin 
the ehlorohydroxy fatty acids or sulphuric uci<l esters of hydroxy- 
fatty Eieids, sucli tus Turkt'y red oil, and then the rt'action mixture is 
heated under pressure to about 120°. 

The union of unsaliirated fats with trimolhylamine by the Ili'rzmann rru'tiiod 
is facililateil l»y pyridine or copper reduced from the oxide on an aslx'slos sup¬ 
port Soaps jirejiared from the fatty product are of good (piality 'I’he jiroci'ss 
yields fats of high melting-i>omf and the investment for plant, in I'omparison 
to that required for hydrogenation, is very low t 

De’Conno t obs(‘rves lliat the action of ammonia or fatty aromatic amines on tlu' 
higher fatty acids hius mwer received careful scientific study, although some tech¬ 
nical exiienrnents have been made on tlie action of ammonia on fats. In ethyl 
alcohol under iiro.ssuro ummoiiui (lec()ni|M>s(Hl glyccridos to give the amides. Sonu* 
patents liave been taken out for the formation of anilides, by t he action of aniline 
on fats, in this way. However, no systematic study of the fonnalion and prop¬ 
erties of the numeroas amides of higher fatty acids, with the idea of finding di'rivu- 
lives having jiroperties more useful for identific^itum than those previously known, 
had been earned out De’Gonno obtained solid ])roducks which were wi'li crys¬ 
tallized and easily purified, by the following methcxl of preparation. Kipiimoleeiilar 
amounts of higher fatty acids and aromatic amine are intimately mi.xed and heated 
in a sealed tube at- 230® for five hours after evacuation with a mercury pum}). .\fter 
cooling the crystalline ma.ss is purified by crystallization from 9(> yier cent t'thyl 
alcohol, after treatment with animal charcoal. In this way the amide is obtained 
as white necdle-likc crystals or pearly .scalers. Most of the oleic amides and iinolciiic 
anilides are oils. 

* German Patent No. 275,344, June 15, 1911. 

fSoifen. Ztg., 1914, 442. 

X Univ. Naples, Gaz*., cbim. ital., 1917, 47 ,1, 93; Cheni. Aba., 1918, 1172. 
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Hyclrazino liydraU- lias Ih'cii found by Falciola and Mannino * 
lo roacf with fals, idniiiiif!: solid jiroducls. 

WluMi Jiydr.'i/mo liydrulo (iH) or oO per mil sohilioii) is added to fdivo oil, 
a turhulity is prodticf'd wliieh s<‘pand.(*M aflor a fow hours as a more or 1 (‘sh 
concrete mass, d(‘))en(hnji on the amount of hydrazine used; the a^dion takes 
place in tlu‘ cold ivitiioul appreciable development of heat, and with slight 
anuiKHuacal odor, wincii soon disappears. The greater part of the white solid 
substance thus jirfiduced dis.solves in wann alcohol, from whu’h it erysftllize.s 
on cooling 'riie solidifying jMHiit is alwMit 105'' (’. Other oils liehave aini^arjy. 
'rriolein treated wilii e\c(‘ss of 90 per lent hydrazine hydrate rapidly ^pTitens 
and hardens. Trisbainn givi^s a similar priHluet, ni.p , 112® to 111°, ami tnpulmitin 
yii'lds a Inidy oi m p. 1U8® to lOtt", 

Klaidi.v 

Many yc'ars ago eon.snli'rabh' attention was jiaid to the produeiion of hardened 
fals by flH‘ tran.sformathin o\ olein into elanlin Among these proposals are lluwe 
n‘]!rrs(‘nted j)v Hntisli Patents as jollows: 


Nujik' 

Palenf Number. 

Dale. 

('iimluicen's . . 

ISOG 

ISGO 

lirviitil 

2ll7.'i 

istio 

(!(' Ihtssjuio 

. . . 1099 

ism 

'i'ollwiusen 

. . 2127 

I.Slil 

de bnssniio ami Urudenne . 

. 272(i 

ISGl 

IjM Pt'vrouse 

. l.'lK.'i 

isia 

bill ne^ 

. S17 

ISCbl 

Morgan-brow n 

. :i()21 

1X71 


See also V. S I'atent to McCarty, No. 202,000 dated January 20, 1HS4. 

'rh(’ ('ITefl of prc.ssiiro arid temporal arc on hydrogt'iiatioii is dis- 
eussod by Brochet f >vht> dot^s iiof. regard a higli pressiin; of hydrogen 
lo 1){‘ n(‘('essary in most liydrogt'iiating o|H*rat.i()ns, although in jirac- 
tice tlie emjduyment of pressure may b(‘ useful. 

In all ensos a much lower fempc'p.ituic may 1)C employed than that adopt(*d 
in the metluKl of Sabatier and Senderens. 'I'lie profHirtion of niekel (obtained 
liy n-ductioii of the ox'ide at about IttK)® C.) may be as low as 0.1 to 0.5 per 
(■('lit of the weight of Injuid m some cases. The method is upiihcable to the 
hydrogenation or reduction of various organic compounds. A mixture of the 
activi* metal and the liqui<l {th<* suhstanco to lie treated, or its Rolution or sus- 
))ension in a suitafde lujuid) is agitated vigorously m presence of hydrogen at 
ordinary or liigher ]>ressures. 

Heferniig to the hydrogenation of fatty oils by eontacting the oil and catalyzer 
with hydrogen, Hrochet states that it was not forc.scen that this protxjss might 
he apjilicabic to products other than fatty IxkIics, as, generally speaking, it way 
believed that the moistening of the catalytic metal completely checked the 
reaction. J 

* Ann. chini. applicata 2, 351-G, 1914; Chem. AIjs., 1915, 8GC, 
tCoinpt. rciul.. 1914, 158 . 1352. 
t Britisii rat<*nt No. 16,930, 1913. 
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'rho niol,ho<I is stalcMl lo prnsont tho following advniihigos: 

L It jktmhN <jf Mio uliiizaiion of thr hydrogen at a toniponiture wliifh may 
be niiifh lower 1l)an the boiling-|K>in1 of ihe product treated, which alTords the 
n(iv!inf!ig<' that, on the one ]>an<l, pnKhief.s non-volalile at the reaction teinj)eraturo 
can 1)0 eni))loyt‘d, while on the other hand liydrogenatmn can be effected at a 
ndatively low temperature. It is themfore |>ossil)le. lirochet declare.'^, lo obtain 
products that hnv(> iu‘V«‘r hitherto been obtained and to avoid the f )rmation 
of unde.siral)li‘ products, ami, by suitably selecting the ternjxTature for the op¬ 
eration, it is also )>ossil)le to olibiiu the desired t)ody in a stale of gro t purity. 
With ])h('nol ami nitrobenzene, the hyilrogenation in the first and the retluction 
in the seeoml place take phict? below KKF. 

2 Products infusible at lh(‘ renetion temperatute but soluble either in water 
or in an approf)nate li(|ni<l, sueh as ethyl alcoliol. amyl alcohol, cyclohexanol, 
giyceruK', an<l so fortli, or insoluble produets rnaintaiiH' l in suspension m a vehicle 
can lie liydrogenated 

Fxamim.k I One |M*r c(*nl of reduced nickel (ol)t.ain<*d from oxid(‘, carbonate, 
etc) IS add<'(i to IIh* phenol. It is phicial in an aj)f>anitus heated to a])])roN- 
imately IflO'’ to 120''’ C, and sul)jected to tlu* action of hyilrogen acting at a 
pH'ssure of from 10 to IT) kilogrammes pi'r s({uare centumdn* Agitation is 
etTected in such a maimer as freiiuent-ly to r<‘n(‘w the contacts between the gas 
and the m<*tal impregnated with jihenol 'VUr hytlrogen is rajndly absorix'd; 
if the sup}dy of hydrogen is cut otT, the apparatus having pn^vunisly bi'cn 
exhausted of air. it is found that a vacuum forms m thi* ajiparatus. In this 
manner tlie plienol is transformed into ey<-lohe\anoI and l>y reason of the low 
reaction teinpiTature. mat her tfie formation of <-ycl(>hexano nor of cyclohexanone 
is obsm'ved. 'Die filt<*red Injuid is subjected to distillation and th(‘ catalyzer 
is utilized for a fresh operation 

Kxami’LK 2 One kilo of paranitraniline is dis.solved in a kilo of amyl alcohol 
and I per cent of reiluced nickel is added 'I'he inixtun' is subjeOed to tho 
action of hydrogen al 121)^ to blO"’ (’, and at a [iressure ot 10 to 15 kilogrammes 
jier sijuare centimetre ami agitated continuously. 'I'lu' reaction is vmy rapid 
and the catalyzt'r is .separ.aled liy filtration, an 1 tlie ))ara{)henylene diainim^ crys- 
taliized hy ('o<*lii:g 

In tliese two exanijdes the ab.sorption of the hydrogen is theoretical, so that 
tlie end of lii(‘ reaction is noticeal>le liy ces.sat-ion of absorption. 

Hrochet and Hauer * have hy<lrogenafed a mimljcr of aromatic compounds 
containing an ethylenie linkage in the side chain ; ml one aliphatu' eomjiound 
1. Oetene readily yields octane. Cmnamie aeul, its .'■•odium salt, and its im'fhyl 
ester yield j)]i('nyl)noj)ionie acid and its corresponding derivatives. Th«' hydio- 
genatiori jiroceeds IwlhT with the sodium salt than witli the free acid, 1 
the conversion readily hikes jilaee on using the sodium salt. .Xnethole, eugti.ol 
ami safroie readily un<l(*rgo liydrogenation at 00° to S0° C., while for isoeugenol 
ordinary hunjieratun* suffii'cs, Hrocfiet and C'aharet t find that the substain'cs 
containing aliphatic ethylenie linkage which wen* hydrogenated in the presence 
of active nickel uiuUt a slightly increased pressure by Hrochet and Hauer also 
umlergo hydrogenation under atiuo.sphene pn'ssun*, but m this case the reac¬ 
tion takes place far more slowly and rc(iuire.s a larger amount of the catalyst. 


* C’omptes naid., 1914, 159» 190. 
t IhuL, 326. 
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Rrooliot * * * § silKKOsts a fiirthor motlifipation by the .substitution of vifjoroti.s .shaking 
for the high pressure, 10 to 15 kilos per square centimetre, first rei'ommen<ieil. 
I'his method is afifiiicable j^enerally to eouifKiunds eontauHiiu aeetylenie or efhyl- 
cnie iionds and to some easily redueible sulistaiiees such as indigo Details 
are Kiven for the reduction of siHhum einnamate to jihenyl-jiropionate, usin;^ 
rediK'ed nickel as the catalyzer and hydropen, and for the preparatuyi of indigo- 
white by reduction of mdigo iKith by hydrogen and by water gas. 

Ill a jitiper on polytnt'fiztal drying oil.s, Morrill f sftdt'.s f.hat lin.socd 
oil from various sources was thickened in hulk or in sniiiller (juantilies 
in the lalioralory, and t.o tivoid oxidation the oiieration was performed 
as far .as iios.sihle in tut atinosplu're of carhou dioxide or hydrogen. 

Ilyilrogeri under ordinary conditions or under iiressiire without, a eiital.vst is 
.stated to have no action on uiisat.iirated fatly acids, { nevertheless, it was 
found that umier the eondilioiis of the oxperiiiieiits a very sliglit addition 
oeeurred anil subsequently earl«ni dioxide was iisial iiisti’iid d'iie oil was heated 
for twenty-eiglit to sixty hours at G., and the thickened oil was completely 
soluble III light iietroleuiii. 

Wliilt' Shuck § was earrying on soiru' ex|ieriment..» on the cal.alyfie 
liydrngentition of naplitlia-t'xf racked eorn-oil, he ohservt'd fliat a .sain]lie 
which had not lieeii purified suffieiently to allow the eatalyzer to act. 
and which had nol hardened, nevertheless was rt'iidered odoiie.ss and 
liiilatalile by the action of tlic hydrogen on the oil containing a catalyzer 
in .susiiension. Altliough no apjireeitdili' hardening had taken place, 
the iniiirovi'inent in odor and taste wtis so marked that a fresh sample 
was treat.ed under ideiitietd conditions except that no catalyzer was 
present. Tills sampk' firoved to Ix' etjutil in odor and t.asto to that, 
treated with hydrogen in the presenc-e of ti ctitalyzi'r and thus sfiowt'd 
that the catalyzer did not function in the removal of odor from the 
corn oil. I'dsh oil also was deodorized. 

Tlio method of doodorizinp; nny oil or fiit- l)y this j)r<>ecss eonsisifl of blowing 
hydropon, or n pus whose principal constituent is hy<Iropon, throuph the hoat(‘d oil 
and allowinp tlic hydropen with the enlrained viifiors fnnn t.ho oil to escape fre(‘ly 
from tlie containinp vessel until the desired result is obtained. In the commercial 
application of Ihi.s jiroccss, the fatty acid and other fumes are condensed and washed 
from th(‘ hyilropen which is thus completely purifiisl ami used over apain. I'lio 
entire upjianit.us should, of counie, in* filled with hydropen to the exclusion of all 
oxypon from llie air at the time of its fin»t use. TIien*after each now batch of oil is 
intniduced and l-lu* deodorized oil withdrawn! throupii piries so that no air enters 

* J. S. C. I., IllC. Second Addition dated Nov. la, 1913. to French Patent No. 

458,{).3.'l. July 27, 1912. J. S. C. I., 1913. 1031 and I9M. IS. 

fj. S. C. I.. 191,5, 105. 

t Thorpe’s Dict ionary, Oils, Fats and Waxes, 2d Ed., Vol. 3, 57. 

§ Met. & Chcni. Enp., 1916, 008. 
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the apparatus. A moans of drying t.ho hydrogen is provided in 1h(' p:as-])urifviiiK 
system if the oil being treated contains appreciable quantities of water. 

Cocoarmt. oil was tr(*ated by this process at the same time that some of tlie sunu* 
oil was deodorized with sni)erhoatetl steam. Hoth samples were pul in clean tins 
with lids loosely laid on, then alternately kept in a warm plaei' where the oil was 
liquid during the day and in a cool pla<*e at night for four months The steain- 
(leodorizeti oil becam(‘ rancid in a few w'oeks and was very yioor m quality in two 
months The liydrogen-deodorizt'd oil w'as pleasant lo taste afti'r two months* 
storage. 

Among the commercial possibilities of this process Shuck stall's that the purifying 
of fish oils so as to render them edible is of jirime inqiortance Keen tlu' deodoriza- 
tion of fish oils for tc'chnn^al j)ur]>os(‘S is a matf^T of iiiU'rest 

While not taking the jdaee of entalytie hydrogenation of (ish oils l)ecaiise the oil 
is not hanh'iied, Seimek considers (1 h' pnK'ess very much cheaper to operate It is 
claiiiK'd that fish stearine winch is naturally a solid tut at ordinary teiniieratiin's 
can !)<' made into an acceptable cooking fat at very low cost by this process 
Kats witieh have liet'n burnt from eontmued use in c(M)king and hav<‘ alisorbed 
the odor of fish, onions, garlic, etc., can be rendered perfectly blaml and neutral 
by this deodorizing j>roc(*ss. Likewise garbage grease and reiuh'nng-works fats 
can be purified and freed from objirlionabie odor. 'I’his latter class of fats 
usually contains sul).stances that “ jxnson ” a catalyzer and iherelVuv an'not 
(‘usily deodorized by eatuiytic hydrogenation. Medieiiml castor oil, it is claimed, 
eari lie rendered entirely free from its characleristie odor and taste while still 
retaining its inedi(‘inal properties A t('inp<*ratur(' of IS.*')" (' mav be used 

C'(Tlmn vegi'table oils such as soya iM'aii oil, not reailily deodorized with steam, 
{Shuck asserts an* rendi'red bland and palatiblc \>y tins process * 

Schrauth f c)bsorv(‘s tbiit X’arnuitrapp’s rca-etion is M,pplical)l(‘ to 
all unsatiiratod fatty acids, wliicli in this way Jimy !><' coiivtulcd 
into saturated fat.ty acids containing; a smaller nunilior of carbon atoms. 
For example, clufianodonic acid, which is th(‘ cause of th(' charn,c- 
teristic odor of marine animal oils, is slowly IransfoniH'd into stilu- 
rated fatty aculs and it is possible in this wtiy to obtain uj) to So p(‘r 
cent of a perf(*ctly white solid distillate from the mixed fatty acids 
of the oils, provided that glycerol is absent. Marine animal oils 
of the best quality yield lallovv-liko fats, which when mixed with 
other fats give good lathering soaps, while the fatty acids from refus(‘ 
marine animal oils yield products whicli resemble the fatty acids of 
palninut and cocaanut oils both in properties and {■omposition. 

The (dectrolytie rediK^tion of organic, bodies and esfM'ciall}^ fatty 
acids or esters is carried out by Higgins J witli the aid of nickel or 
cobalt oxide or hydroxide. 

* tS(‘e uIho U. S. Piitent No. 1,200,072, Marrh 10, lOlS. 

t Seifenfabr., 1915. 35. K77-S79. Z. angew. Chem.. 1910, 20, Ref., 31; J. S. C. I.. 
1910, 42S. 

t J. S. C. I.. 1911, 982; British Patent No. 18,909, 1910. 
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Tli(' rutalyzinji afjoiit ntay (‘oiistitute tlir whiilo or part of thp plpotrodo from 
which hy(ln)fr('ii is normally (liRcnKHpiHl, or may lie in susponsion in the elec¬ 
trolyte composed of or contanmip the liodv to Ik- rtaluced According to one 
mode then' is formed a coliereiit mass lamiposetl of tlie oxide or hydroxide of 
cohalt or nickel, or a mixture of the.se, and a siiilalile. chemically inert, hinding 
mati'rial, this cochri'iit mass const it lit ing tlie cafhiKle I'or instance tin* oxide 
or hydroxide of cohalt, or nickel, is mixed witli or ilepoaiied lipAn kleselglllir, 
jiuniici', or other ])orolls inert powder, and the whole formed, with or wlfhoiit. 
the addition of cement, or gums, into a ixiherent mass hy iiiechaiiical pressure; 
or the ctitalytic mati'rial may he mixed witli a cane sugar solution which, on 
siih-seipient roasting in a non-oxidizing atmosphere, yields a porous muss of 
carhon-coiittimmg the active ingn'ihents. Higgins also states that perforateil 
plati's such as tire conimoiily ii.si'd in ,secondarv cells may he einiiloyt'd to sup¬ 
port the catalyzing agent I'lther alone or mixed with the hiiidmg materiiil re¬ 
ferred to ahove 

A ,stirv('y iiiiil (lis<'ti,s,si(in (if the fii'lil of liydnideiiiiliiiii byvanLeent* 
iiiviilvi's ti coiiijitiiisiiii (if tlie plpv.sieal titid clieiiiietil properties of 
col toiiseed, linsei'd tuid wlnde oil.s hefore and after liydrojrenatiim. 
Methods for the di'lection tind defenniimlioti of nickel in llie iiroducts 
are disctissed, Ilydrosjenation witli and witlioul liigli pi’cssures ,slio\ved 
tliuf olive and peanut oils tire especitdly adaiited to liardeninK at 
utinosplicric pres.sure. Idnseed oil is slated to liydrotienate Imt. very 
little even witli iilatiiniiii black as catidyst. 

The hydration of uiisattirati'd organic acids is ctirrk'd otlt by 
Schicht A. G. and Griin t l>y licating salts of tlic ticids with water 
in till' presence of sintill amounts of an alkali substance, under prt's- 
sur(', wlu'rcby water is addl'd directl.v. The double union disappears 
the iodine numlier decretises continuously and hydroxyl and ('ther groups 
are formed. Ivg., dOO g. litiolcic acid (iodine number, 174.0) were 
sliglifly more tlitin ntnitralized with 411° NaOH, and heated in a 
jiressure v('s.sel for tliiw hours to 270° to 28t)°. 'Fhe viscous liquid 
reaction product .showed an iodine numher of 83,8. 


Synthetic Ksteks of Ohnic and Otheu I'^atty Acid a.\d theiu 
Hydrogenated Ruoducts 

In mot) Bedford t studif'd the esterification of linolic and linolonic 
acid and the Ipydrogcnation of these esRirs in the presence of finely- 
divided nickel. I’hc ethyl and methyl esters of these aeids were pre- 
])ared Iiy him as follows: 

* ClK'Ill. Wcekbltul IS, TVJ-.ir,, I'.llf), riiem. Ahs., im7, lilH 
1 (itTiiiJin I'jitciit No. .Inly 16, 1!U4; (Jhcin. Abs., lUHi, lil2S. 

t“ i'lxT die Ungosattigfon SnUrew dcs LciubU,’' Diss<Tlati<»n, Krliingcn, 190G; Ber., 
42 , 1909 , 3324 . 
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T)ie free fatty acid was boiled under reflux with an excess of tlie alcohol 
n the presence of a small amount of sulphuric acid. The product was then 
;realed with an exee.sa of sodium bicarbonate solution. The oil that separated 
uit was decanted off and dis olved in ether. The ether .solution was washed 
vith water, dried with anhydrous sodium sulphate and then distilled to remove 
die ether. 'I’he oil left behind was ])urified by vacuum distillation. The ethyl 
isters of liiidlic and linolenic acid were liydrocenuted m the presence of (incly- 
bvided nickel at about ISO" C. Ethyl stearate was obtained m both cases. 

Meiliyl esters derived from thickened linst'cd oil were hydroften- 
ited by Morrell * who employed colloidal palladium as a cafalyzi'r. 
stearic, acid in good yield w'as obtained from the produet.s of hydi'o- 
renation. 

'l'h(‘ methyl, ('thyl, propyl, isobutyl, amyl, benzyl, and glyceryl c.stcrs 
)f nleie acid were prepared in t.lie author's laboratory, f They were 
ill liiiuid at the ordinary temperat.ure, and yieldi'd practically satu- 
'at('d products when hydrogciuitetl in the liiiuid state, at an incrca.sed 
.eraperaturc, in pre.sence of reduced nickel. The nature of the tilcohol 
lid not seem to have much effect on the rate or degri'e of hydrogen- 
ition. A product derived by heating oleic acid and aniline was found 
.0 hydrogenate readily to form a very hart! product. 

Methyl Oleate. II. S. P. nlcic iiciil (.'ifi.-l g.) wiis dissolvctl in 25 fl g iicctono- 
ree methyl alcoliol. 'I'ho solution wiis treated witli 07 g sulphuric acid and 
hen hoilcd for 5', hours The product had an acid numher of 17 (i .\flcr 
cashing witli alkuli the iicid iimiihcr of the oil fell to l.li 'I'hc iodine numher 
ras found to he 87.0. The theoretical iodine mimher of nii't.hyl oleale is 8.5 8 

Hydrogenation of Methyl Oleate. A portion of methyl oleate eonliuniiig 1 
ler cent of finely-divided metallic nickel (reduced for fifteen to twenty minut.eR 
a a stream of hydrogen tit :i2()° to ;i,50° (') was treated for about two lioiirs 
t alioiit IS0° to 200° C, with liyilrogen whicli wics simply allowed to hiihble 
lirough the liquid as a brisk stream, t.liereliy maintiiining the catalyzer in sus- 
icnsion. The solid product obtained after filtnition wa,s white and crystalline, 
t had an iodine number of 0.4 and melted at 37° fk 

Ethyl Oleate. Ethyl oleate containing 1 per cent of metallie nickel (reduced 
or fifteen minutes in a .stream of hydrogen at 320° to .3.50° 0.) was expo.sed 
0 a rapid current of hydrogen for .about two hours. The oil was filtered throii' h 
n ordinary filter jiaper in the hot oven. The product melted at 31° C. Its 
idine number was 5.3. 

Propyl Oleate. I’he hydrogenation in this case was carried out under eon- 
itions prai'ticully identical to those employed in the hyilrogonation of methyl 
nd ethyl oleate. The liiirdenod oil had an iodine number of 1.3. It melted 
t 27° C. 

Iso-butyl Oleate. 'I'hc ester was hydrogenated for about two hours in the 
resenee of 1 per cent metallie nickel (reduced for fifteen minutes at 32t)° to 
60° C.). The teiiiperatiiri' of hydrogenation was 180° to 200° C. The liydro- 

*.f. S. C. I., 191.5, 107. 

t J. Ind. Euk. Chcni.. 1916, 1105; J. 8. C. I., 1917, 39; Chem. Abs., 1917, 218. See 
[soil. S. Patent No. 1,277,708, ,Sept. 3, 1918. 
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gcnatod product, was soft iiikI tnmslucent and distinctly crysfallinc. It somewhat 
rcscmtilos criide iiaraflino. It had an iodine value of 02 and melted at 2!>° 0. 

Amyl Oleate. Ttiis ester was liydrogenak'd under TOiiditums similar to those 
Ginjiloyed above. 'I'lie liydrogeiiated pnxlurt was soft and iion-hoiiiogeiieoiis, 
consisting of a htpiid oil luid a crystalline body. It had an iodine value of 1.7 
and imilt.ed at 22" ('. . 

Glycerine Oleate. Oleic a<-id (.Ki.t g.) and 18.4 g. glycerine were heated for 
five hours at 240" O. with l•ontlIlllous stirring. The oily proihict was washed 
several times with warm water and ilrKsl. Its acid nuniber was 0.0. In cool 
weather a l■ry,sl.allllle body formed which rendered the csl.er opiU|iie. 'I'he iodine 
number of l.he product was 00.4. I’ure glycerol nioiio-oleate has an iodine 
number of 71 li The ester was hydrogenated in the usual way. 'rreatment 
with hydrogen for alioul. two hours at ISO" t.o 200" (' gave a product which 
melted at 50" C. anil possessed an iodine nuniber of itJi. 'I'he hydrogenated 
liroduct was similar in apiiearani-e to a good gnide of Imrdoned cottnnsoed oil, 
except, that it was souiewlial, darker in color 

Benzyl Oleate. Hydrogenation in the presence of finely-divided reduced nickel 
gave a product, which had an iodine value of fiH and ii nielluig-poiiit. of 28" Cl. 

Oleic Acid and Aniline. Ainhiie (24 4 g..i and 117 g oleic acid were heated 
under a reflux enndetiser for four hours at 170" to I'Kl" ('. The mixture darkened 
considerably. It was steain-di.slilled iiiitil the distillate was free from iniiliiie. 
The aciil iinniber of the steaiii-ilislilled prodiu’l was HO5. It beciiine solid on 
standing. Tlie subsLiinc.e was treatcil with a solution of .soiiinm hydro.xide mid 
washed free from alkali and sodium oleate. 'I'he acid nuniber of the product 
was reduced to 3.0. The product, melted at 34" (' It was dark brown in color 
and liad a greasy foi'l 'I'he iiiati'rial was hydrogenated for two hours at 100° 

to 200° (I. ill the presence of 1 per cent finely-divided reduced metallic nickel. 

The hydrogenated product was fil(,ered in the hot oven. It had an iodine nuin- 

ber of 30..5 'I'he iodine value of the unhydrogenated substance was 09 0. The 

iodine value of oleic anilide is 71 Ii. The product melted at 7(1° (k and was 
vory liard and hrittio. 

A Lai)ulati()n of those results follows. 


1 

Estpr. 

i 

At 1(1 Number j 

yahii 

J] yUKOULN \T1UN IbtOUUCT 

M pt, ° f • 1 

Iodine Value 

Methyl oleate. 

1.3 

87 0 

37 

0 4 

Ethyl oleate . 

0 6 

83 3 

;u 

5 3 

Propyl oleate. 

0.5 

77 9 

27 

1 3 

Isobutyl oleate. 

0 4 

75 7 

25 

0.2 

Amyl oleate. 

0.7 • 

71 3 

22 

I I 7 

Benzyl oleate . 

0 7 

62 3 

28 

'■ 0 3 

Glycerol mono-oleate . .. 

0.6 

69 4 

59 

0 5 

(Aniline eompound). . 

3.6 

G!t .I 

7(i 

30 5 


In the catalytic hydrogenation of fatty acids and their glycerides, 
the speed of reaction is maintained constant * by gradually raising 
* Soo. de Stoarinerio et Savooneric do Lyon and P. Berthon. British Patent No. 
107/JG9, June 25, 1917. 
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the teinpc'rature and adding; additional catalyst, and sudden rises 
in temperature are avoided hy providing a heat-exchange appara- 
ratus for the hydrogen entering and leaving the reaction chamber. 
The iiydrogen is purified and <lricd by subjection to a low 
temperature and free fatty acid distilling over is sejiarated fioin the 
hydrogen. In an example soya oil is treated at 20t)°, th(' tcmi)er- 
ature gradually raised to and the cataly.st introduced little by 
little. In another example whale oil is treated at 170°; the reaction 
vvhicli is at first viokud., tends to become (|ui('t(’r and is then revived 
by adding more catalyst.. 'J'he amount of free acid in this f)rc.duct 
does nut exce(‘d O.o jier cent. 

Th(' application of esterification as a means t.o reduce fret^ fatty 
acid has been utilized by Dreymann * in the treatment of oils v\ Inch 
which cannot be readily refined by caustic' alkali. 

Ifroymiinii stato.s that the presence of even as sniiill a qimntity as 2 per 
cent of free fatty .■ceid in an oil i.s sufficient pi greatly impair tlie elTectiveneas 
of die caUilyt.ie agent iiseif in die liydrogenatioii process ifeiice il is the prac¬ 
tice to first carefully neutralize die oil liy means of caustic .soda. If die amount 
of die free fatty acids exceeits fi per cent, tfieir removal by caustic alkali 
refining i.s dillieult and is attended with eonsideralile loss and pxiieti.se. In coii- 
se(]uence, Dreymann states only liigli-grade neutral oils are being ii.sed for hydro¬ 
genation jiurposes. Dreymann projio.ses to meet the diflieulfy by caterifying the 
free fatty acid of the ml with tdeohol, which he .states can be hydrogenated as 
readily as a pure glyceride, lii this way, oils and fats eoiitaining as imuh as 
21) per cent of free fatty acid may be hardened Apply!.ig the jirocess to .a 
fatty oil containing about 20 per cent of free bitty acid, Dreymann recomnieiid.s 
the use of '> to S jiarts of .alxsoliite ethyl alcohol to 100 parts of the oil A 
small (luantify of liydrochloric acid is added to act a.s a catalyzer iii the ester¬ 
ification operation and calcium chloride is miroduecd to .serve as a dehydrating 
agent. Dreyiiiaiin recommends 3 parts of liydroehlorie acid and 20 p.arts of 
ealeium chloride. The mixture is he-ited to .a temperature of about 90" ('., 
for three luiiirs, after which time the product is washed witli water and will 
then be found to have a low content of free fatty acid, in general, less than 
3 jier cent. This amiiimt of free fatty arid can be readily removed liy the 

caustic, .soda reMiiing (irocess. When the oil or fat contains 30 per cent or more 

of free aeiil, Dreymann states it is advaiiPigeous to remove the glycerine as 

for example, by the 1'witeliell process. The fatty ueid.s thii.s obtained ran lie 

converted into esters by tmatinent with alcohol, the proportion of alcohol in 
this ease lieing increased to 20 parts. He states that the e.sters t.hus produced 
contain only 1 to 3 per cent free fatty acid, which may be removed by refining 
with alkali. The application of the proce.ss to the treatment of inferior products, 
such as cotton oil, soap stock, and garbage gre,ase, is rceoniniended 

The hydrogenation of fatty material etiiitaining such tiutintitie.s of 
free fatty acids as tcml to interfere seriously with the catalytic 


♦ U. S. Potent No. 1,228,SSS, June 5, 1917. 
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jjroct'ss is carried out h\- Ellis * by (‘sterifj'iiig tlu' fatty acids witli 
glycerin. 

'riii.s may I)C <:arri(‘(l out l»y heating the oil vviili (ilyccrin to a lemperaturc bclwri'ii 
250° and 2<S5° 0 tor fivo or thri'c liours. 'I'lu* n'action mass may ho ki'pt out of 
oontaof witli air liv iiitHKhiolion of a curroiit of livdroticn. In one ease a whale oil 
having an acid miinhc'r of alioiit 25 was tn'atial with .5 iior cent of gli’corin and the 
af‘it] nuinhor was rodiifod to aiiproximatoly 1 .'\ftor the I'storitioation sta^o has lioon 
omniilolod a oatalytio agent is aililed to the oil and tlie product hydrogenated at a 
tein|)era.lun‘ of alioul 180° (’ ni the ca.s- of nickel or at a lower temperature if a 
oatalyzi'r of tiie jilatimin) gioii|) is en.)iloyed 

All apparatus fur liydrogentifing oils desigtied by Sugita f consists 
of 11 cylindrictti liydrogeniitiiig ve.ssol or coiivcrtcf wliicli is provided 
with two ri'volvable sluifls, 
one within flit' othiT. A 
propt'llor with ti nntniier of 
nozzles for su))plying liydro- 
gen, ('itcli provided witli an 
aillomatic valve, is iidacht'd 
to the end of one of I lie 
shafts. Ily tliis arriiiige- 
iiK'iit the liydrogen is 
made to contact riipidiy 
and tiiorouglily with the oil, 
tliercliy facilitating tin' liy- 
drogenat.ion. 

i'or the effective mixing 
of oil, catalyzer and liy- 
(irogeii, Ittner J ri'commeiids 
an apparatus of tlie character 
shown in Fig. 40W). 

In this drawing a reeei>inrle containing oil is cqiiipjicd with a pecnliiir form of 
agitating and hydrogcii-nii.\ing device shown in detail in Fig dOrr. 1'hc latter is 
termed by Ittner a eentnfiigal ilistnlmtor or injector It. is set lielnw the normal 
level of the oil and is so eonstriieted that the liquid is ilriiwn in near its centre anil 
discharged eenlrifiigally outwaril so that eireuliition of the iquid i.s effected. The 
upper jiart of the chamber is filled with hydrogen gas which may be at atmospheric 
Iiressiire or under inereaseil or ileereasisl pressnrc. The gas is draw'n through the 
hollow shaft of the centrifugal di.strilmtor hy means of jierforations and passes out 
through tlie disc-shaped [lortion aduii.\i‘d with oil. Hy this means, Ittner .stales, 
an intemii.'iture of the li(|uid and gas of such intimacy i,s obtained that ordinary 

*U. S. Patent No. 1,261,911, April 9, 1918. See also No. 1,271,57.5 and 1,271,576, 
July 9, 1918. 

t Japanese Patent No. 30,637, January 19, 1917; Chem. Alis., 1917, 2413, 

t U. S. Patent No. 1,242,445, October 9, 1917. 
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1(111 can add liut Ii1t!c lo tlio rfiicicncv of liic oiK‘riiii(in, Tii fac). In' alalcs 
il is smiicl.inios iidvaiitat!('oiis lo avoid a liiRli (lc(;roo of agitation of the licniid 
and screens or liafiics may be so placed as to lessen agitation. 




Kio. 4(kc. 


A inethoil of antotnal.ie rognlntion of Ihe supplv of liquid (o and discharge 
of Iniind and reiiioviil of gas from pre.s.siire vessels lor miving luiuid Hilli gas is 
deseriiiod l>> Noll.* 

An apparatus for bringing bqinds and gases into eontael witli each otlier which 
is of interest to the liydrogeiiation industry is desenbod liy Feld1. I'lg 40(Jd 
shows II siiniile tyiK' of the apiiaralus (las enters tlie stationary bell, n, tlirough 
the pipe c, and is distribiiled thioiigli Ihe li(|ind, </, m an atomized condition by 
the rotation of the agibdor, </, which also serves to agitate 
and mix Ihe Inpiiil liver twenty modifications of the 
apjiaratiis are shown. 
b 

To reinovo Intel's of nickel from the hardened 
product obtained liy liydrogenating fat ty oils with 
a nickel catalyzer, WhitakerJ: recommends treaf- 
nient. of the hardened material with fuller’s earth. 
After the hydrogenated fat or oil leaves thi' hydro- 
genator ni' converter or after it ha.s passed through the filter press and 
while still in a liquid condition, a quantity of fuller’s earth is introduced. 
The oil agitated is therewith and the earth is then removed by rdtratiou. 
Ordinarily 1 or 2 pi'r cent by weight of fuller’s eartli may be added, 
but when a large amount of nickel soap is present in the oil, more 
than this quantity of the earth may be reiiuired. Fuller's earth, 
which has been heated to UX)° C. is .stated to lose its efficiency as a 

•German Patent No. 271,041, May 9, 191.3; J. S. C. I., 1914, 409. 

tzeitneh. angow. Ghcm., Aufsatztcil, 1914, 224; U. S. Patent No. 1,110,914, 
Septt‘mbcr 15, 1914. 

}U. S. Patent No. 1,242,024, October 9, 1917. 
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tiK'iiiis of I'cmnvin;' ti'iiccs of nickol, so iliiil caro slinuld Ix' takon not 
to o])('nit(' at a l('ni|)(‘rafur<‘ at or ahovo llic point wlioro doliydration 
would impair it s usc'f'uliioss. 

A ])ro('('ss of ('ffocfing catalytic n-actions is dcscrilicd by Hagemann 
and Baskerville,* according to wliicli nickrd or an alloy of ijickcl with 
a small amount of cobalt, having all or a part of its surface oxidized, 
is used as the catalytic body. 

Instead of usi?ig tlu' in.alcrial in llic form of tvivf'sf the catalytic .aKcnf may 
he u,scd in tile form of wire or sheet.s and the like, having a very slight surface 
oxidation If. is staled tiial alloys of nickel with a small amoiiiil of cohall 
when oxidized on till' .surface act much more vigorously as eiiliilyzers iha.i 
eillier jiure nickel or cohalt. In preparing the sheets, wire, or other .suitahle 
shapes lor catalytic use, the su)X>rfieial oxidation is carried out hy heating in air, 
oxygen, or ozone, until the metal surface ceases to he bright The revivification 
of the catalyzer may he carried out hy first removing any fatty material or other 
foreign acciiiniilations from the sheets or wires hv extraction willi a solvent. 
The nickel basis is then dried and healed in an oxidizing atmosphere to a tem- 
lierature of lidll" (' or higher until o.xidalion has gone on to slight de|>tli, 
after which the calalvzer is suhject.ed to the action ol a reducing gas, such as 
hydrogen, at a temjierature of .'iDIt" (' to reduce the nickel oxide formed, then 
the material is siihjected to the action ol air at iihoiit dtlll" (' for some time, 
until the surface hecuiiies eoateil Ui a greater or less exleiif wilh a thin lilin of o.\ide. 

Tlu' bafllc-iilato prineiplo is .applied to the hydrogen.ation of oils 
by Maxted and Ridsdale,t who obtain a large reiieiing surface of 
unsafurated oil tind hydrogen by itrojeefing flit' mixture through 
;i vertical column provided with fixed horizontal propeller-likt' b.affle 
I)Iatc,s so shaiJed and pltieed in opposition to each other that the moving 
li(iuid-g.as mixture is rotat.ed .alternately clockwise and anti-clockwise. 

According to Higgins,§ an (‘ffective apparatus for hydrogenation 
is secured by the employment of agitators etpiipped with gas cups 
as shown in k'ig. 40«;. 

Beaters nr vanes arc cmiiloyod with a number of conical cups clo.sed at their 
bases and ojien at their narrower ends where they are mounted ujiun Ihe jii.ate 
foriiung the beater or vane. Tlie plate i.s provided with a hole of corresponding 
size and the raji is mounted on the (ilate .so that the oiiening in the cup is 
ciiincident wi.h Ihc hole m Ihe plate. Such eonical eujis arc uniformly dis- 
trihuted and are mounted ution one .side of the beatzms or vanes. Between he 
resjiei t ve eujis, liole.s are formed in the jilate. The.se lioles are advantageous y 
arranged all over the i>laUi so as to fonn continuou.s longitudinal and trans¬ 
verse roxvs iiiterinediate the re.speetive rows of eonical cups. By such means, 

♦tb B. Patenl No. 1.2;tS,1.37, August 2H, 1917. 

t U. H. Patent No. l,OH:t,9ZO, January lit, 1914. 

} British Patent No, 1(19,99.3, Scptcinlicr 29, 1916; J. S. O. I., 1917, lltio. 

§U. S. Patent No, 1,170,815, February 8, 1916; Chem. Ah.s., 191.5, 4; British 
Patent No. 15,003, June 30, 1913. See also Sehwareroan, U. .S. Patent 1,280,315. 
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on the rotjit on of llio l)e;i1nr; or vanes, tlie cups pass into the litniifl, open end 
fi s . A <iuimt fy of the nas thus txrcoines iinpri. ned in the cups and as tfie 
heater or vane rofnf.es file oil passes into the cui) and the (ras jiasscs out The 
gas confinues to jinss out throfighout the course of tlie beater or vane through 

the liipiid. By the jirovision of holes 
intermediafe of the etijis, the rush of 
the oil through these holes carries I lie 
bubbles of gas with it, and thus the 
gas is brought into 'iitimatc contact 
with the lujuid. 

The hydroponation of various 
resins such a.s oi'dinary ro.sin, 
damar, saiidarac, .shellac, copal, 
pontianak, is described by Ellis.* 
Nickel, copper, cobalt, palla¬ 
dium, or platinum may be used 
as catalyzers. The resin may 
be hydrogenated in a melted 
condition or in solution in an 
inert solvent. Petroleum or 
aromatic hydrocarbons may Ixi 
list'd as the solvent material. A 
teniperat.uro of 180° C. is speci¬ 
fied and a pressure of hydrogen 
of 10 lb. or more. 


T.\BLE SHOWING TIIF COMPO.SITION OF CERTAIN OTb.S AND FATS 
(Mooiik, Riciituu and Van Arshkl) 




lODlNK NU-MHEH 

('AJA'tri.ATKn PKltnE.S'TAlii'.H 

No 

MiitcTiai. 

(‘riftmal 

Miitfiuil 

Lunad 
Fatty Aoiil 

Saturati’d 

(iivriTuln.s 

Olein 

Linolin 

1 

CottoiiHeefJ oil 

no 7 

140 5 

22 6 

26 9 

50 5 

2 

('ottonssod stearine. 

86 0 

149 8 

40 0 

20 5 

39 5 

:i 

Peanut oil. 

98 0 

121 7 

IS 85 

54.9 

29 25 

4 

Corn oil. 

110 0 

133 0 

13 0 

46 0 

41 0 

5 

Olive oil . 

82 0 

97 8 

12 4 

80 1 

7 5 

6 

Loaf lard. 

63 5 

105 3 

37 0 

.52,4 

10 6 

7 

Compound lard. 

97.0 

143 0 

29,3 

29.1 

41 6 

8 

A sfiini-solid hydrogenated 
cottonseed oil. 

ett.o 

101.0 

34 75 

57 2 

8.05 


A thorough study of the results of partial hydrogenation of cot¬ 
tonseed oil has boon made by Moore, Richter, and Van Arsdel.f 

• U. S. Patent No. 1,249,050, December 4, 1917. f Iiid* Eng- Chem., 1917, 451. 
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They state that investigations heretofore have considered the unsatu¬ 
rated components as a whole, rather than as individual units and 
t.hal they have studied tlie pliysical and chemical changes which take 
place in oil during the process of hydrogenation, partidilarly changes 
in the amount and character of the various fatty glyceride^, and the 
efTect of variable factors, such as tcmpc'rature and pressure. 

I. HydrOGENAT ON Cl'RVES 

For the :udy o the lycerhlc change: during hydrogenation, the 
made on samples neludcd iodine numlier and iodine number of liquid fatty 
acids, calculation giving the “ component glyc^erides ” (olein, linolin and satur- 
lited glycerides) of each sample. The smooth (airves drawn through the points 
ji'otted on triangular diagrams always, in the cases studied, bad the same gen¬ 
eral shape, suggestive of the hypcrliola, concave toward the right-hand side of 
till* triangle I'he iinohn is always found to decrease from that present in the 
original oil and the saturated glycerides always increase, while the olcun rises to 
a maximum and then falls continuously. 1'hesc changes are what would be 
(‘Xjiected, simte liydrogcnation must cause linolin to disappear, forming olein, 
while olein, hydrogtmatmg more slowly, would at first increase and then eventu¬ 
ally disapjiear, forming stearin, a saturaU^l glyceride. The shape of the curve 
depends upon the relative veIo(“ity of these two actions, and it appears that this 
relative velocity must be subject to important variation, according to tlie experi- 
iiuuital conditions. 

Effect of Temperature. The result obtained in Fig. 40// may be interpreted 
as follows: while both linolin and olein were hydrogenated faster at the high 
tcinjieraturc than at the low temperature, relatnely linolin wu.s liydrogcnatcd 
n.uih f:ist(!r at the liigh temperature, so tluit the olein had a greater tend(‘ney 
to ficcurnulate under the latter conditions. In other words, both iinsaturated 
radi 'als are acted ujion in l>oth cases, but at the higher temjiorature the more 
highly Iinsaturated one comes near(*r to being siiujUd out for hydrogenation th' n 
at the lower temperature—the action is more “ selective.” 'J’his would he the 
case if, for iastance, the temperature cocfticicnl of the reaction linolin-olein is 
greater than that of the reaction olein-stearin, but in view of the complicated 
nature of the glycerides which arc actually present that explanation is doubtless 
too 8uperfi(dal to be the entire truth. 

Effect of Pressure. The influence of the hydrogen pressure upon the course 
of the hydrogenation may be illustrated by Runs C and D (Fig. 40f/f/). 

Increasing the pressure is here seen to have the opposite effect to increasing 
the temperature, so that at a high pressure the action is less selective ” than 
at a low pressure. An obvious corollary of this (inclusion is that it would 
appear to be possible to duplicate at high pressure and high temperature a curve 
obtained at low pressure and low tcm]>eruture, while the reaction as a whole 
might be made to proceed many times as fast in the former experiment as in 
the latter. 

In this case again a tentative “ mechanism ” may be put forward. It should 
first be noted that the occasional hydrogenation of a linolin chain clear to stearin 
instead of only to olein would have the same apparent effect as would an increase 
in the relative velocity of the olein-stearin reacben. Now if an increase ir 
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hydrogen concentration at the catalyzing surface (such as would he produced 
l)y incrcjised pressure) .caused an increase in the nunil>cr of linolin chains to 
which four atoms of hydrogen were added at once, the observed elTcct would 
follow. 

Influence of Percentage of Catalyzer. The influence of percentage of catalyzer 
was illustrated in Experiments C and E (Fig. In this case the observed 

result, which shows a divergence in the same direction for increased percentoge 
of catalyzer as for increiu^ed pressure, seems to be at variance with what is 
commonly understood to be a law of catalytic redactions, namely that if the 
amount (or surface) of the catalyzer be increased, all of the reactions involved 
will be speeded up by exactly proportional amounts. In this <’a.sc, one reaction 
(olcin-stcarin) appears to be accelerated nion^ than the other, '^i'he scheme 
advanced in the preceding section may be made to give a satisfactory exidana* 
tion; in that section the conccntniiion of hydrogen at the catalyzing surface 



was taken to be the controlling factor. Now increasing the percentage of cata¬ 
lyzer must imirease this concentration, for the average distance hetween a cata¬ 
lyzer particle and the hydrogen bubble-surfa<'Cs is made smaller, thereby decreas¬ 
ing the lag between the “ demand ” for hydrogen at the (latalyzer surface, and 
the “ supply,” which must be kept up by the processes of solution and difTusion. 
Thus an increase in percentage of catalyzer would cause an increase in the forma¬ 
tion of stearin relative to the change in linolin, as in the two curves reproduced 
above. 

Effect of .Agitation. The influence of degree of agitation on the path of 
hydrogenation was determined first by comparing Experiments C and F (Pig. 4(h0, 
in which an iron apparatus with mechanical agitator was used. “ Degree of 
Agitation ” is a rnagni tude which is not easily expressed in quantitative form, 
but the r.p.m. of an agitating device may serve as an index of the agitation, 
as least for moderate speeds. 

Another pair of experiments carried out in the gla.ss flask, bubbling hydrogen, 
conditions were identical in both experiments except that in Run //, the hydro¬ 
gen was bubbled through tlie flask at approximately twice the rate used in 
Run G (Fig. 40ji,/). 

In both pairs of experiments the influence of increased agitat’on is shown to 
be the same as that of increased pressure or per («nt catalyzer, and in the case 
of Runs G and H the variation in the curves is striking. The effect of doubling 
the volume of gas supplied, when the bubbling is already vigorous, may well be 
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t<) increase the true "agitation” many times. On the other hand, (ioulihng 
the I. pm. of a meehanieal iigitator j)os.sibly docs not even doiilile the agita¬ 
tion, since at high speeds there is a strong tendency for the wJiole body of oil 
to rotate witliout much dhsturbanee. 

It may readily be seen that the “ mechanism ” suggested in the preceding 
section applies to the pre.sent case just as well, since the effect of increasing 
the agitation is to increase the number and surface of hydrogen biibble.s and also 
to decrease their average di.stanee from eatidyzer partido.s 

Size of Apparatus. The size of the apparatus in which the hydrogenation is 
carried out, apparently does not affect t.he iialh of the hydrogenation as appeals 
from the data of Runs / and ./ (Fig 41)/,-i') It is of course, not certain that bi.a 
r.p.ni. jiroduce.s the same “ degree of agitation ” in both cases; if tlie agitation 



i.s really better at this speed in the large machine, the effect of the increase 
in size on the jiath of hydrogenation s in the opi)osil.e direction to the effect of 
increased iig tiition. 

Influence of Material op (Iatalyzer 

When some other caf.aly.st than nickel is used as in Exjicriment A', in which 
1 per cent palladium (in FdCl-;, method of Paal patent*) acted a.s eatalyzer, 
the hydrogenation curve is found to have the same general charucte i tics as 
those de-'cribcd lieforc. Bubbling apparatus was used, a temperature of 13,5° C. 
and atmo.spher c pres-sure. No experiment asing nickel catalyzer is available to 
compare directly with it. 


EXPERIMENT WITH PALLADIUM AS CATALYZER 


Run Samplu 

NuMUiiR 

l^ERCENTAQES CALCULATED. 

Fat. 

Liquid Futty 
Arifl 

SuturaU'd 

OlyctTidps. 

Olein 

Linulm. 

Ko 

108.4 

142.8 

20,6 

33 5 

45 9 

1 

89.1 

125.0 

25.5 

46 0 

28 5 

2 

76.6 

113 1 

29 2 

52 8 

18 0 

3 

64 5 

97 1 

30 6 

63,8 

5 6 

4 

53.0 

90.3 

38 6 

61.3 

0 1 


•Carl Paal, U. S. Patent No. 1,023,753, April 16, 1912. An equivalent amount of 
solid NazCOs is used as a neutralizing agent. 
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SuMMAItY OF IIvomKiKNATlON CmVES 

To surnmjLri7i(* the (•onclusions from the prcM’edmfj; e\|«TinjeiitR, it appears 
that the chemifal character of a partiaJ y hytirosenated oil is determined by the 
coriditioiis of the hydrogenation. Thus to ob(.ain a product of the same iodine 
number us another but relatively higher in saturated glycerides and linolin, 
the operating conditions should compare as follows with those in tlie’other case: 
temperature lower, jiressure higher, agitation more vio ent and percentage catalyzer 
greater. It is interesting to note that it s j>ossibIe to hydrogenate the linolin 
to olein with only the slightest inerea.se in saturated glycerales by operating at a 
high temperature, low pressure and low agitation, and using only a small amount 
of catalyzer 

II. Chanoes in Chemical Constants op Oil During Hydrogenation 

Of all the “ chemical constants ” of cottonseed oil, the iotlinc number (with 
its variations, the “ hydrogen numlicr,” Maiimcn^ number and heat of l>romina- 
tionb is the only one winch i.s chaiigiaj markedly by hydrogenation. tSaponihea- 
tion value, acetyl value, rteniiert-Meissl numlier and iicrccnlagc of free fatty 
acids change eitlicr not at all. or only shglitly. 

The drop in iodine numlHir, however, is one of the most striking efTects of 
\. ydrogeiiation, and it has lieen commonly u«*d in the past to indicate the 
]>rogress of the reaction.* Fokin concludes, from a study of the liydrogen 
ttbisorption, that “ the reduction procedure is inchnled in the category of mono- 
molecular reactions,” l»ut notices that the curves "often show a straightening 
out toward the ah.scissa axis." He comes to the conclusion that the conditions 
which determine tlic shape of the curve are: (n) the velocity of dilTu.sion of the 
gu.s (presumbly through tlie oil); (6) the eomlition of the catalyzing surface; 
and (c) t,he presence of catalyzer poisons. Very .similar conrlusionB were pub¬ 
lished recently iiy Hocscken,t but most of his work was on organic compounds 
of lower molecular wcigiit than the oils. 

Pressure. Early investigators appreciated the fact that the hydrogenation 
reaction is accelerate 1 liy pressure, and Moore, Riehter and Van Arsdol state 
that, so far as is kiiovn, all of the commercial oil-hardening jiroresses arc carried 
out at gas pressures ranging from 20 to 150 lb. or even higher. Comparison of 
the two curves of Fig. 10// sho.v.s tli:it the time required to reduce the iodine 
number of the oil to any specified figure is roughly cut in half by doubling the 
prc.ssure, i.e., in these experiments the rate of hydrt^cnation was approximately 
proportional to the hyvirogen pressure. 

Temperature. It is likewi.se well known that the hydrogenation reactions in 
oil have a ]>ositive temperature coefficient, i.e , the rate is greater the higher 
the tem])erature, although the thermal decompo.sition of the oil sets an upper limit 
to the available range at about 250° C. The hydrogenation reaction.s in oil have 
a positive temperature coefficient in the range l>etwcen 35“ and somewhat above 

* Pnal-Roth, Br'r., 41, 2282-2291; Fokin. Z. an?ew Chem , 22, 1451-9, 1492-1502; 
Bonior, Z. Nahr. Gcnu.ssm., 24. 104-113. 

Paul and his co-workers, and Fokin recorded the volume of hydrogen absorbed 
at various stages of the process, thereby determining directly the amount of satura¬ 
tion which had taken place, instead of indirectly by means of the iodine number. 

tRec. trav. chim., XXXV. 1916, 260-287. 
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200° C.—poasibly up to 240° (L, but as may l»c stnm fnun a study of the curves 
of Fig. 4()w<?//, this coefficient drofxs consistently ns tiie temperature rises, ^'hus 
for the range of temperatures 35° to 125° the time re(pHrod to reach a certain 
iodine number is on the average decreased alK)iit 35 j>er c(‘nt for each 10° rise 
in temperature, wfuJe for the range iOO® to 200° this ooeflicient is less than 20 
per cent. Since the commercial processes nearly all operate at temperatures of 
160° to 180°, it is evident that no material gain in time could be made by the 
use of higher temperatures, and the ix)int of maximum economy is prol):ibIy 
being realized. 





4()aa. 


Agitation. The increase in velocity of reaction due to increased agitation of 
oil and catalyzer with hydrogen is shown in Fig. 40w// In thisca.se an increase* of 
about 100 per cent in t,hc volume of hydrogen supplied increased tlie velocity 
of the reaction 800 to 1000 per cent. In apparatus of this type handling 
charges of commercial size it is not usual to cause such violent agitation as is 
easily brought about in a 2-Iitrc flask, and it is doubtful whether doubling the 
hydrogen supply would, on a large scale, more than double thi* react lon-rate. The 
importance of efficient agitation, or of intimate commixture of tin* oil, catalyzer 
and hydrogen, has apparently been realiz(*d by nearly 
all of the workers in t.his field, as witness the patent 
files, but there is no observation recording such a 
great increase in agitation as the above, brought about 
by such simple means. 

Catalyzer. As in practically all catalytic reaction.^, 
the speed of hydrogenation Ls increased os the percent¬ 
age of catalyzer is raised. 

The time reejuired to reach a given iodine number 
is roughly proportional to he percentage of catalyzer 
(Fig. 40/w>). (Visideration.s of outlay required for 
catalyzer preparation and recovery limit the amount 
used in eominfircial batch processes, however, to 1, or 
at mast, 2 per cent. When a very good grade of 
refined oil is used, as little as 0.1 per cent nickel is common practice, high pres- 
oure and agitation being relied upon to reduce the time consumed. 

Summary of Iodine Number-time Curves 

To summarize, increasing the pressure, temperature, agitation or amount of 
catalyzer will increase the rate at which cottonseed oil is hydrogenated. This 
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increase in rate is roughly pro|x)rtional to the increase in pressure or amount of 
catalyzer, whihj raising tlic teinj)eraturc 10® in the region of conimon practice, 
160® to 180®, increases the rate only about 20 per cent. Increase in agitation 
(difficult to measure quantitatively) produces a marked increase in the reaction- 
rate. 

111. CiiAN(JEB IN Physical Constants op Oil Dcking IIydrocjsnation 

The most striking effect of the hy<lrogenation of an oil is, of course, the 
gradual increase in solidity, witli the accompanying change in such physical 
constants as melting-point, and titer. 

Melting-point. Oil was hydrogenated with mechanical agitation of 108 
r.p.m., temperature 160® C , pnjjvsuro 20 11)., catalyzer 5 p(T cent, nu^kel on a 
carri(‘r. The melting-point and iodine number were among the constants deter¬ 
mined on each samjilc, and these; constants compared as follows: 



M« 

Ml 

M. 

Ma 

Ma 

M* 

Ml 

Melting-point, °C 

<» 0 

39.4 

40 ,S 

45 8 

4S 0 

48,9 

00 r, 

Iodine number. 

.. .. 107 

74.3 

60 7 

61.0 

64.5 

48.5 

0 4 

There can be no 

(ioubt (liat while f.iic two 

(Mids of this 

curve 

remain 

fixed, 


till* mtenne<lint(‘ points arc capabli* of consi<l<Tai)le variation from the curve, 
depending on tlie conditions of liydrogenation. We have, lor instance, the }>oint« 
A ami a on Pig. 4tl/)p. Siimide A was made by one of the " cont nuous ” processes 
from the same kind of cotton-oil, while Sample li wjis made at a very high teni- 
p<‘rature. 


Titer, The titer of an oil or fat, being the solidification-pomt of its fatty 
acids, might be expe(‘tod to share the characteristic of the melting-point of the 



fat, namely, a gradual increase of hydrogenation. It is found, however, to show 
the peculiarity of first decreasing, passing through a minimum, and then increas¬ 
ing steadily. Cotton-oil was hydrogenated with 5 [ler cent of nickel, on a cur¬ 
rier, in one (^ase at 125° (h, and in the other at i^X)° C. liter and iodine 
number were among the determinations made on each sample. In Fig. 40^7 titer 
is plotted against time and in Fig. iiWr agmnst iodine number. 

The apparently anomalous fact that the addition of more .saturated, higher 
melting acids at first lowers, in.stead of raising the solidification point is evidently 
due to the existence of a eutectic, or low melting mixture of the components. 
According a.s the path hydrogenation caiTic,s the composition close to or far 
from this point the minimum attainecl will l)c lower or higher. From P'ig. 40rr 





mil. ui< 
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it is evident that the low-tempcrature run passed eloser to the eutectic point 
than did the hi^h-teinperature run. Below iodine number 50 the two runs were 
practically identical, as would be expected from the fact that since linolin has 
largely disappeared the two hydrogenation curves of comfionent glycerides cannot 
differ very greatly. 


. IV. Response to Halphen Test 

Hydrogenated cottonseed oil wa.s first sfjitpd by Paal and Roth * to give 
no (coloration when .sul>je(cte(l to the characteristic Halphen test t and the same 
statement lias i)een mad(‘ iiy lat(‘r investigators. '’I’he amount of hydrogenation 
which is reijuired to nuider the oil jiisl. incapable of responding to the te.st was 
investigaUed liy Moore, Richter and Van Arsdel. 'fo determine that point a 
(piantity of oil was hydrogenated at a temperature of 150° to H)0° C., 2 per 
cent nickel on a (carrier acting as catalyzer. Samples were talicn (a) of the 
origin-;! oil, (b) of the mixed oil and catalyzer before heating, (r) of the mixed 
oil an I catalyzer when heated to 150° C , five minutes b(.*ing re(|uired to reach 
this temperature, (d) after three-minute hydrogenation, (c) aft(cr rune-minute 
}iydrog(cnation, and (/) after fifUMcn-muuite hydrogenation. A similar sami)Ie of 
oil was heated to 150° to 100° for twenty minuU's in the uliseiue of any hydro 
gen or (catalyzrcr, and was tfien found to give the same inten.sity of Haljihen test 
us yample a. The other samples gave tests lus follows: 


Iodin<‘ 

.Sumplc B umber. 

h . 104.!) Not. noticeably liiminished 

c . I0.'1.7 Di.stmctly weaker test 

d . 102 7 Faint te.st in 3 ininnte.s 

e . 101 3 Faint test after heatiiiK IJ hours 

/ . 97 fi Negative even after heal.mg 1 i hours 


A drop of four units in iodine niimlwr may be said to have destroyed the 
chromogene.tic substance. 

Ml.SC’KLLA.NKOlIS PttULICATIONS ON UYDUOGKNATtON 

A paper by Lessing on Catalysis in the pas industry appears in 
J. Gas Liphtinp, 1914, 127, .570-573; see also ,1. S. C. 1., 1914, 1193. 
Rivals I discusses the subject of oil hydropenation quite fully. The 
hydrogenation of oils and fatty compounds is described by Jaubert § 
who gives an outline of the whole industry, including a discussion 
of catalysis, the production of hydrogen and the hydrogenation of 
fats, with a detailed description and drawings of proccsst* used by 
a number of the large.st concerns in the world. The same subject is 
d'seussed by Ueno who refers to the following subjects: hydrogena- 

* Paul and Roth, Ber., 42, 190!>, lMl-1553. 

t J. A. 0. A. <’ , No. 3, 11, lOlfi, ;U3. 

J Rev. gen. chem., IS, 9-20, 1915 

§Rnv. Ricn. rheni., IS, 117-33, 141-09, 1915. 

j| J. Chem. Ind. Japan, 8, 545-65, 1915; Chem. Abs., 1910, 535. 
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tion of sardine oil on a somi-eommercial scaie; examination of the 
intenno<iiiite prcduets of hyciroKenaiion; <iural>i!ify of the activity 
of nickel and revivification of spent catalyzer; hydrojjcnation at- 
low temperatures; and the ndation of t.lu* (•at.alyti<‘ activity of niclad- 
kieselguhr catalyzer to the proportions of tlie nicked and its cari’ic'r. 
A description of the W ilbuschewitsch apparatus and its‘manipula¬ 
tion for the manufacture, of hardened oils an<i of catalyzers is p;iven 
by Schicht.* Sjoquist,t describes tlie V\ illmscliewilscli process and 
some experiments made in tiie laborat.or_v on th(' liardcniiiM; of fats. 
The catalytic hardening of fats is discusscxl liy Siegniund4 An 
address given Ijy Hertzog on tlie subject, of fat liardening iippears in 
the Heifensiede.r Zeitung, 43, 589. § A conipn'ln'nsive ac'ttount of the 
history of the hardening [)roe(‘ss, pi'OiK'rties of liardoned fats and 
their utilization for various techtiical i)urposes and for focal is fur¬ 
nished l)y Fahrion.jl The hydrogenation oi fats is reviewed by Red- 
grove,’! and the r(“view inciudes a discussion of tiie following topics: 
historical catalysts, aiqcai'atiis, and uses. Ko new material is intro¬ 
duced, })ut the riateiit literature is largely drawn on. Klimont ** has 
puitlished a pajiur on t.e"lmical oil liardening apiiaratms. An int(>i’esling 
and viseful suunnary of some of tiic more recent applications of catalysis, 
especially in inorganic clicmistry, is publi.shed by Jobling in a book 
entitled “Catalysis and its Iruiu.strial Applications,” Hlakiston’s Son 
tk Ckmipany, 19 Hi. The book contains a lirief chapter on hydro¬ 
genation and catalytic material used in carrying out hydrogimation 
processes. According to the Journal of Industrial and Engineering 
Chemistry, 1918, p. 158, the Tariff ('oinmission of the United States, 
in making an inquiry in regard to chemical indust.ries, proposes to 
study, as one subject, the development or inve.nl.ion in t.he United 
States or abroad of new or improved proceases which are likely to 
influence the conditions of international competition; for example, 
the hydrogenation of fatty oils. 

In a (lerrnan patent application filed June 14, 1913, by the Bremen 
Besigheimer Oelfabriken, the claim is made for the transformation 
of drying oils such as soya bean oil, sunflower oil and linseed oil to 


♦Scilen. Zts„ 1914, llS!). 

t Dnut. Parfum. Ztg., l«lf>. 7; Scifen. 1916, 234 and 257; Cliem. Zentr., 1916, 
I, 1206. 

J 0«fit«rr. Choni. Ztg., 1916, 19, 8H. 

§See also pliarin. Post. 49, 309; C:hcm. Zeiitr., 1916, I, 12S2, 11, 776. 

II Naturwartni. 4, 2S:i-7; C'hcm. Zci.tr., 1916. II, 2S5; Chem. Ah.s., 1917, 2157; 
Chom. Umschau, 1916, ‘2'A, 


^ Chem. Trade J.. 60, 273. 

**Chem. Apparatur, 1916, 3, Nos. 3 and 4; Seifeti Ztg., 1916, 168. 
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non-drying oils by partial hydrogenation.* Hydrogen is added until 
a sample tested with the refractometer shows that the oil has lost 
its drying properties. A careful review on the hydrogenation art 
is presented by Bergius together with certain figures as to cost of 
hydrogen and catalyzer, which are of interest, t Ellis has reviewed 
the progress of the industry in Oil, Paint & Drug Reporter, Oct. 26, 
1014, p. 18. A paper by Jaubert on the hydrogenation of oils and 
fats appears in Memoires do la socif'tc'- des ingenieurs civils do I'ranee, 
Vol. 67 (1915), No. 7-12, 305-353. In a review by Fabris of the 
fatty oil industry J the subject of hardened or hydrogenated oils is 
distaissed. LTndiistrie Chiini(iue, Apr., 1016, furnishes data on 
various oil hardeming plants. Laboratory experiments on oleic acid 
vapor in a stream of hydrogen under reduced pressure, on liquid oleic 
acid and hydrogen under various pressures, and on the reduction of 
cottonseed oil by hydrogen under high pressures are reported l)y 
Shaw§ (see p. 26). To effect reaction between gases and liciuids 
Andersen proposes the use of what he terms “ porous metals ” and 
their alloys as catalysts, such as iron, uranium, tungstem, etc. The' 
walls of the vessel in which the reaction takes place may be coated 
with the porous material. jj Robson *1 reports that oils obtained from 
the waste lyes produced in tlic manufacture of sulphate pulp for paper¬ 
making are sent to England to be hydrogenated. Robson comments on 
the early history of hydrogenation of fatty oils, especially the Nor- 
rnann patent. The treatment of wool grease with hydrogen to im¬ 
prove its quality is proposed by Ellis.** A method of adding the 
elements of water to unsaturated organic acids is advanced by Schicht 
A. G.,and Griin ft which consists in heating a salt of the acid, e.g., 
linolic acid under pres-sure, with water, in presence of a small ()uan- 
tity of an alkaline substance. In lieu of free hydrogen a body capable 
of liberating hydrogen on contact with a catalyzer is proposed by 
Kayser for hydrogenating fatty oils. Borneol is recommended for 
this purpose. Boehringer and Soehne §§ hydrogenate unsaturated 

♦Seifen. Zeitunp;, 1915, No. 3, 51. 

t Zeit. f. itnKOw. Chem., 1914, 525. 

JChem. Abs., 1915, 2002; Ann. rhim. applicata, 1915, 349. 

U. C. I„ 1914, 771. 

II J. S. C. L, 1913, 999, French Patent No, 457,569, May 7, 1913, English Patent 
No. 7.S39, April 3, 1913, Scifon. Ztc., 1914, 1174. 

Drugs, Oils and Paints, 1914, 211. 

** U. S. Patent No. 1,086,357, February 10, 1914. 

tt Gcrnmn Patent No. 287,660, July 10, 1914; J. 8. C. I., 1916, 186. 

UJ. S. C. 1., 1915, .560; U. S. PuU-nt No. 1,1.34,746, April C. 1915. 

HGhom. Aba., 1916, lOKO, 1780; British Patent No. 21,883, November 2, 1914; 
Swi^ Patent No. 71,689, February 1, 1916, 
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siibstanpos in solution or susponsion in water or alcohol, usinp; a cata¬ 
lyzer of the nickel group. In a Japanese patent issued to the Hydroil 
Co., Ltd.,* unsaturafed fatty acids, their glycerides, and other esters, 
are tr(!ated with hydrogen or hydrogen-containing gases in the pres¬ 
ence of heated powdered metallic oxides, by means of which their 
saturated compounds are obtained. Schmidt and Bladkenhom f 
propo.se to carry out cat.alyfi(; hydrogenation by employing as the re¬ 
ducing gas, carbon monoxide admixed with water va]X)r. The process 
is recommended in <‘onne<‘tion with the reduction of nitrobenzene to 
aniline. BamitzJ ob.s('rvo.s that tlx? consumption of hydrogen by fatty 
oils varies usually between 2870 and 4300 eu.ft. per ton. It has been 
stated § that 1 ton of oleic acid requires 2800 eu.ft. of hydrogen, while 
a like amount of triokun calls for 2080 eu.ft. of the gas. A process for 
.solidifying fats, fatty oils, mineral waxes, or mineral oils and converting 
them into dry pulverulent products by means of malt extract or malto- 
ck'xtrin is described by Hamburg.]' An apparatus for hardening oil 
is described by TJehida*,; and comprises the following elements: a con¬ 
tainer for the fats and oils, a supply pipe for hydrogen, a device for 
breaking up tlie current of hydrogen into bubbles, and discharge pipes 
for the waste gasc.s.** .4 pamphlet giving a brief s\irvey of oil hardening 
has been puUislied by Fahrion,tt LTndastrie Cliimicpie (April, Hll(i) 
reviews the subject of oil hardening. 

A process of hydrogenating oils which has bmi deviser! liy Walker ft involve.s 
the use of ti cios('d receptacle in which a hotly of oil to he harileiied is placed This 
oil eoiitaiiis fiiiclv-diviileil catalyzer The receptacle eoiiuutis a shelf .supporting 
a bed of eatalvzer which is placed above the Issly of the oil The mixture of oil 
and fiiiely-divitled catalyzer is pumiied from the IxiUom of the receptacle to the 
top where it is sprayed iijion the b«l of the catalyzer and passing there through 
Collects in the body of oil beneath The latter is stirred by an agitator while hydrogen 
is blown llirougii the oil The uiialisorhed gas is withdrawn from the top of the reeep- 
taele and is passed through a condenser to remove moisture It is then returned 
to the bottom of the reee|)tacle Thus both the oil and the gas are constantly 
circulated through the oil container A eompilatioii of patanta of the United States, 
(Ireiit Britain and (iermaiiy, relating to the manufacture, of butter substitutes, 
hydrogenated oils and milk products iiavitig substituted fats, has been prepared 
by Mock & Blum, patent lawyers, 220 Broadway, New York City. 

* No '^0,(157, 19, 1016. 

t I'. S. J’litJ'iit No, 1.2'37,K2H, August 21, 1917. 
t Met. Cliem. Kng., April 1, 191G. 

§ J. S. C. L, 1014, 1140. 

j| French Patent No. 400,419, Decemljer 20, 1913; J. S. C. I., 1914, 603. See also 
Britibh Patent No. 29,4SI, 1912; J. S. C. I., 1913. 672. 

% Japanese Patent No. 31.304. July 12, 1917; Chein. Abs., 1918. 234. 

** See also Asahi Electrochenueal Co., Japanese Patent No. 31»393| August 7, 1917; 
Cheni. Abs., 1918, 234. 
tt Uie Hartung der Fetle, Brauusehweig, 1915. 

It U. S. Patent 1,270,290, August 20, I9IM. 



CHAPTER IV 


:atalyzers and their role in hydrogenation 

PROCESSES 

The Base Metals as CATAiiYZERS 

Catalyzers, those ho<lies which modify reaction velocity without 
stoi<dhometri(^al ])artic.ii)ation in the reac^tion, are destin('d to find 
another important industrial aiijilication in the liardcning of oils.* 

I'or jiresent ])ur))o,s('.s a catalyzer may be simply, though l(>ss ac¬ 
curately, defined as a material or “ exeib-r ” which brings about a 
reaction Ix'tween substances otherwise incapable of reacting, the cata¬ 
lyzer itsedf at the end of the reaction being unehaiigeil. Tlius fatty 
oil and liydrogen do not unitt^ n^adily miles,s nickel or some otlier 
catalytic liody is jiresent to serve as a carrier or go-between to bring 
about the reaction. 

The previous illustrations ,show the variety of methods jiroposed 
for mingling oil, hydrogen and catalyzer. Among these are sevc'ral 
of excellent efficiency. But, after all, the virility, so to sjicak, of the 
process, dejiends on the catalyzer. With a powerful catalyzer the. 
hydrogenation of oils Ix'comes a rapid, simjilc jiroceilurc; almost, it 
sometimes seems, independent of the nature of the hydrogenating 
apjiaratus. 

C'atalyzers recognized as useful for the purpose are nickel and jialla- 
dium, although jilatinum, coiiper, iron and other metals have been 
used to some extent. Nickel oxide, as stated, has been employed by 
Bedford and ipatiew. Wimmer recommends organic salts of nickel, 
such as the formate, acetate or lactate. 

As nickel is probably the most important of these catalyzers, in 
view of its efficiency and relatively low cost, it will be first considered.f 

• Abel. Zoitsch. f. Klektrochcm. (1913), 933-951, gives a bibliography on catal¬ 
ysis. Conroy, J. S. C. I., 1902, 302, (Ii8cu3w.s the industrial side of cataly.sis. See 
also Jobling, Chem. World (1914), 17; Agulhon, J. Agr. tropicale (1913), 375; Stern 
on Catalysis, Fortsehritte d. Chein. Phya. u. Phys. Chein. (1913), 249. .A very good 
rcvi<!W of the subject of oil hardening and the catalyzers employed for the purpose 
is contributed by Meyerheim, ForLschritto d. Chem. Phys. u. Phys. Chem. (1913), 
293. Another review appears in the Bulletin of the Imperial Institute (1913), 600. 

t Nickel is recommended as the best catalyzer for hardening whale oil, Seifen. 
Ztg. (191.3), 1412. 
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The preparation of an effective nickel catalyzer requires considerable 
care. Ihe oxide or hydrate of nickel is first obtained by ignition of 
nickel nitrate, or precipitation of nickel hydrate from, say, a nickel 
sulfate solution by the addition of an alkali. ObtaiiUMl in this or in 
any other suitable manner, the ne.xt stej) is the reduction to metallic 
ni(dvel. For this purpose the nickel is jdaced in a rec’e])tac,le which 
may he heated controllably, and hydrogen gas is passed over the mass 
at a temperatun; ranging from 250° to 500° (b or so, until water is no 
longer evolved. 

I he most s(msitiv(( (catalyzers are obtainced by rediuction at the 
lowest i)ossible tenqaTatuncs. Nickel begins to redmee below 220° t'., 
but at 270° (’. the reducction is not (complete even after long duration 
of (exposure to hydrogen. A tem))(>rature of 300° to 350° (!. giv(cs 
fairly complete reduction and is a satisfactory working range. The 
lower the temperature at which tluc nkck(cl is reduced, the more sen¬ 
sitive it i.s to various ext(crnal influences, hence the ])reparation of 
this (catalyzer should Ixc conducted not only with n'sjxxct to degree* of 
activity, but also with resi)cct to longevity. 

Nickel is easily poisoned by chlorine and by sulfur in th(’ sulfide 
form.* The author has not ex]X‘ri(‘n(c(c(l unfavorable ncsults from the 
u.se of hydrogen ga.s j)ass(‘(l through a wash bottle containing (coiucen- 
trated sulfuric acid and then conveyed (lire(ctly to the (catalyzer and 
oil. Traces of tluc acid w'er(c entrained by th(c gas, hut the catalyzer 
remained in active condition during about two we(cks usage under 
these conditions. 

Copper is much hess sensitive to poisons than nickel, Init on the 
other hand it is much less active.f 
(latalyzer made from the heavier forms of the oxide without sup¬ 
porting material, weight for weight, is hardly as (efficient as when th(i 
active surface is increased by the use of a (carrier. Hence we find 
many proposals for the production of catalyzers with a great diversity 
of carriers and extenders, ranging from pumice stone and kieselguhr 
to charcoal and sawdust. 

* The albumin (contained in animal and vegetable fata and oils is a source of 
sulfur-containing gases (Bedford and Erdmann, Jour. f. prakt. Che.m., 191d, 420). 

t Mailhe (Rev. gen. sei., 24, 050) describes the. scientific and techni(cal uses of 
active nickel as catalyst in the reduction of organic compounds and in the hydro¬ 
genation of oils. H(c also dis(cus8(cs the catalytic properties of fintdy-divided copper 
and the commercial possibilities of metallic oxides (esixccially ThOj) os catalytic 
agents in processes requiring elimination of water (or water and hydrogen, depending 
on temperature) from organic compounds. Drawings are given, showing forms of 
apparatus. Much stress is laid on the maintenance of proper tetnperatures and on 
the use of pure hydrogen. 
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After reduction of nickel, as above, it should be kept o>it of contact 
with air as it is usually extremely ])yrophorie and quickly loses much 
of its efficiency on exposure to the air.* (Consequently when treating 
oil with such a catalyzer, it is advisable to free the treating apparatus 
from air by flushing with hydrogen; also it is sometimes Ixuieficial to 
heat the oil and bubble hydrogen through it for a short time prior to 
the introduction of the. catalyzer. 

The use of nickel as a contact body by Mond,t in 1888, is of historical 
interest in view of present developments. Mond found that if car¬ 
bonic oxi(l(‘ or gaseous hydro(^art)ons be brought into contact, with 
metallic nickel at a temjierature of 350° to 400° or with metallic 
cobalt at 400° to 450° ('., d(?com])()sition takes place into (carbon aiitl 
carbonic acid or hydrogen, the carbon combining w'itli tlu: metal. If 
now steam, at a moderate temperature, be introduced, this car))on 
combines with oxygen to produce carbonic acid, with .simultaneous 
formation of free hydrogen. 'Phese various reactions take place 
simultaneously when the steam is pa.ssed through the apparatus along 
with the carbonic oxide or hydrocarbon, the ultimate products being 
carbonic acid and hydrogen. 'J'he former can be eliminatetl by any 
suitable means, such as by washing with milk of lime. The col;alt 
or nickel surfaces may Ix^ obtained by irnpregnaiing pumice stone with 
a solution of the metal, and reducing.! 

The Mend and Langor British Patent 12,008, of 1888, is entitled Imiirovements in 
Obtaining Hydrogen. From th(‘ specification the following is quoted: 

“By the distillation or ineoniplote combustion in the pro-sciice or in the absence 
of steam, oil, lignite, wood, coke, animal carbon or organic .substances in general, 
gases are otitained which consist chiefly of hydrogen, carhure.ls of liydrogen, mon¬ 
oxide and dioxide of carbon and a greater or leas quantity of nitrogen. Tlie object, 
of our invention is to eliminate from these gases tlie monoxide of carbon and the 
carburets of hydrogen, and at tlie same time to increase the amount of hydrogen 
contained. 

“ If a mixture of monoxide of carbon or carburet of hydrogen and steam be heateii 
to white heat in the presence of fireiiricks or of oxide of iron, the latter is decomposed 
and the carbon of the, gases is oxidized to carbon dioxide and the hydrogen set at 
liberty. The high temperature required for this reaction renders it of little profit 
and it is difficult to produce it on an indiurt.rial scale. We have found that if mon¬ 
oxide of carbon and hydrocarburets be placed in contact with metallic nickel or 

* Wimmer and Higgins (Scifen. Ztg. (191.3), 556) prepare catalyzer by reducing 
the active material while it is enveloped in a jirotecting material, oil being recom¬ 
mended for this purpose. 

t British Patent 12,008, Sept. 1,1888. 

t The use of nickel in the catalytic reduction of carbon mono.xidc to methane is 
Bet forth in U. S. Patents to Elworthy 738,303, Sept. 8, 1903 ; 777,848, Dec. 20, 
1904; and 943,627, Dec. 14, 1909. 
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cobalt at a tt*rnperaturo not cx(*('('(IinK a red Ii<;at, tlim* gusca aro decomiwaed into 
carbon and dioxide of earlton on the one Itainl and hydroRC'ii on the otlu*r; the free 
carbon so formed placed in contact with Hteani at a nuxleratt' temperature decoin- 
po.seH liie latter and forma dioxi<le of carbon and hydrogen. 

If tlie .steam and tlie gasoil aro mix<id from the commencement., th(‘ two reactions 
take j)lace sinmitant'ously and the result is a gas jmietically free from bionoxide of 
carbon and liyflrocarburcts. It is quitti }>ossible tA> attain our objeid. by carrying 
out consecutively th(^ two above-mentioned reactions and by rt'pi'ating them con¬ 
tinually with the same quantity of nickel and col>alt w’hich will always be regim- 
erat(‘(l. Wo prefer, however, to curry out ihcsse two reactions simultaneously, 
at the same time (unploying the least ])ossil)le amount of nickel and cobalt; with 
this object we sjiroad the aforesaid metals on an indifferent ndractory and porous 
niaU'rial. For (jxam))le, w'C saturab' pie(^(‘s of pumice stone with a solution of chloriile 
of mrJcrl nr rohtdl, dry and reduce at a higlier temperature witli hydrogiMi. 

“In carrying out our invention industrially we h'ad the gases witli an (‘xcess of 
st('am into ndorls or cylinders tixe<l in a suitable furnai;<' and containing pieces of 
pumice stone impregnated with narkel or cobalt as above mcnlioni‘d. When nickel 
i.s us(*d, th(! n'uct.ion takes jdace at. a t(‘mj)(*rature of 35(1® to 400® (k If ('obalt lx* 
used, at a tomj)erat ur(* of 400® to 450® (k Tlx* reactions which taki* plact* b(*twe(‘n 
tiu' gas and the steam [iroduci* heat so that the given temperature once reached tlu* 
reatdion goes on of itself without ne(*d of (‘xtAima! lu'ating. 

“ It may, Iiowevcr, be advantageous to use gas{*s or st.eam or both, }i(*at.ed to a 
suitable temjxTuture before tliey are placed in tlu* r(*torts. I'he gases so treated 
contain little or no monoxide of carbon. Tlu* carbonic a<‘id can be K<*parat.(*<l in any 
known inaniUT, such an by passing the gasi's through liiiu* or caustic alkali. 

“Tlu* foregoing iirocess differs entir(*ly from the plan of using an (easily reduced 
oxid(* and oxidizing tlie carbcmic oxide or liydroi^arbons by means of that oxide at 
a bright red heat, a.s in our case no oxi<le is used, hut a metal having but little affin¬ 
ity for oxygon, but a considerable afhnity for carbon. Tlu* metal dc'prives the 
carbonic oxide of a part of its carbon and gives the latter up to th(* oxyg(*n of the 
stoarn. This is done at a heat muidi below that at which oxide of iron or other like 
oxide would give up its oxygen.” 

MoikI and Langcr lay claim to tlu* ])roceas of obtaining hydrogen by means of 
gases containing carbon monoxide with or without hydrocarbons which con.sishs in 
treating such gasi^s with metallic nickel or cobalt and with steam and separating 
from the hydrogen the carbonic- acid resulting from such a treatment. 

Tlu^y also claim the use of pumice stone or other similar porous substance impreg¬ 
nated with one or more salts of col)alt or nickel so as to provide, when reduce<i, an 
exten<Ied metallic surface with only a small amount of actual metal. 

These extracts are given because of the use by Mond and Langer, in 188S, of 
reduced nickel or cobalt on porous refractory material for catalytic purfiosoR, although, 
to be sure, the object of the process was to produce hydrogen rather than to cause 
its combination wdth unsaturated bodies. 

Carbon and hydrogen combine with difficulty, especially to form methane. At 
the ordinary pressure in the presence of nickel oxide, reduced nickel or a mixture 
of nickel and alumina, and up to 625® C., there is no formation of methane. Under 
great pressures its synthesis only occurs above 5(X)® C. in the presence of the above 
substances or mixtures, and so much the better as the temperature becomes greater. 
In the presence of water and nickel, methane is decomposed at 500® C. into hy<irogen 
and carbonic acid. The inverse reaction, i.e., reduction of carbonic acid to methane 
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in th(' proHonco of nickel and an excenK of hydrogen at. ordinary preHHUre, occurs at 
450° 0. UcauItH arc the saine with nickel oxide. (Chein. Trade Jour,, Oct. 25, 1913, 
414.) 

At {)rdinary pressure no inetbane is formed by combination of its elements in 
the jn*escn(!e of catalyzers such as nickel or nickel oxide, but under hiirh pressures 
and at a temperature of 510° to 520° C., methane is formed. (Ipatiew Chem. Ztg. 
Rep. (1914), 1,5.) 

Acetylene is converted into ethylene by treatment with hydrogen under pre.s- 
Bure in the presence of eatulyzers. The Elektro Chemische \Verk(' G. rn. b. 11. 
(Zeitseh. f. angew. Clicm. (1913), ref. fi44) find that the iiroduction of e.tliylene from 
acetylene ami hydrogen on a commercial acah' is dilliciilt, due to the gradual los.s 
in the efficiency of the catalyzer. Even though the usual precautions are taken to 
remove the recognized poisons, such ns hydrogen sulfide, sulfiirou.s acid, chlorine 
and the like, thi're still remain in the gas certain impuritii'.s which cannot be elimi¬ 
nated by the usual absorjition reagents. .Ycconlingly it is recommended to wash 
the hyiirogen with concentrated sulfuric acid, then l.o jiass it over solid caustic 
soda, which treatment. i.s said to remove the trouble.some bodies. To effect the 
combination of the uiialtereil ethylene and hydrogen in tlie gaseous mixture result ing 
from the passage of tliese ga«e.s over a catalyst, the proiliiet is again passed over 
the catalyst under firessure The reaction is stated to be quantitative and instan- 
taneotu. Nickel or a metal of the iilatinum grou]' may be used as a catalyst. 
(German Patent 2(15,171, Oct 10, 1912.) 

From a very lengthy paper published bj' Sabatier and Senderens * 
the following items on the preparation and use of catalyzers have been 
noted. 

Access of air to the catalyzer oxidizes it and destroys or diminishes 
its activity. To iirepare catalytic, material one sliould use an oxide 
quite free of clilorinc or sulfur. Good results arc obtained iiy dis¬ 
solving tile metal in pure nitric acid and forming the oxide iiy calcina¬ 
tion at a low red heat. Reduction of the oxide should be with pure 
hydrogen, free from clilorine or sulfur. Reduction should take place 
at a low temperature, always below a red lieat, or the catalyzer will not 
be efficient. 

Nickel reduced at a red licat has practically no activity. At 300° C. 
it gives a very active material if used immediately. It is itetter, how¬ 
ever, to employ a temperature of 350° C. Copper is best treated at 
300° C., while cobalt f requires 400° C. Iron is difficult to reduce. 
At 450° C. some 6 or 7 hours are required to completely transform the 
oxide into tlic metal. Nickel and copper are actually reduced near 
200° C., so even if some oxidation of the catalyzer were taking place, 

* Ann. de Chira. et dc Phys., 1905 (4), 319. 

t The reduction of cobalt oxides by hydrogen and carbon monoxide at different 
temperatures is described by Kalmus. (Jour. Ind. Eng. Ghem. (1914), 112-114.) 
JPor some metals the minimum temperature of reduction is lower with carbon mon- 
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because of the presence of oxj’kch in the hydrogen gas, immediate 
r<5duction would occur thereafter. 

The hydrogen employed i.s dried with .sulfuric acid, is then pas.sed 
through a tube of Jena glass filled with copper turnings raaintain('d 
at a low' red heat and finally goes tlirough a long tube filled with 
fragments of caustic potash. 

The catalyzer should be prepared in the tulx' in which the material 
to be hydrog(mated is treated. 

For high temiieratures a copper tube heated in a bath of equal parts 
of sodium and potassium nitrate (which melts at 225° t'.) may be 
used. 

With regard to the life of the catalytic mab^ial the investigators 
state tliat tliere are three periods noticeable. 

1. A short period w'tu'n the catalyziT is becoming accustomed to 
the atmosphere of hytlrogen and the body to be tri-ated. 

2. A i)eriod of normal activity. 

3. A period of decline.* 

The .s(‘cond or normal period is generally very long, if no trace of 
bodies capable of altering the surface of the metal is pn^sent. For 
example, witli a nickel catalyzt'r good results were secured for one 
month in thi^ transformation of benzene into eycloliexane. The 
operation was interruplcd each night and resumed the next morning. 
The slight oxidation over night did no harm as ^lie oxide was reduced 
again the next day at the temperature of working, which was 180° C. 

If in ttic hydrogen there is a trace of certain boilies, the action of the 
catalyzer is rapidly suppressed. Evim tiny traces of chlorine, bromine, 
iodine or sulfur paralyze the nickel. Nickel obtained from oxide 
carrying a little chlorine is usually devoid of activity. Nickel from 
oxide containing a trace of sulfur is likewise inefficient. The pres¬ 
ence in the hydrogen of even faint traces of hydrochloric acid, hydro¬ 
gen sulfide or selenium compounds produces the same disastrous 
effects. Traces of bromine in some phenol which was used paralyzed 
the nickel. The same thing happened with benzol containing this 
compound. 

Catalyzers finally lose their efficiency either by traces of poisons 
or by a deposit of tarry or carbonaceous material on the catalyzer 
particles. On dissolving spent nickel in hydrochloric acid a fetid 
gas is evolved and brown carbonaceous material is deposited. 

According to Sabatier and Sendcrens the operation should be con¬ 
ducted to prevent liquid coming into contact with catalyzer. The 
temperature limits practically are those imposed by maintaining the 
• These periods are similar to those noted in the case of ferments. 
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sdhstancc in a state of vai)or. Too liigh temporaturos sometimes 
cause (l('com]iosition. Boiizwic Iwcomcs cyclohexane^ at tempera¬ 
tures uj) to 240° tJ., but at 300° CL tlie cyclohcxaiu^ gives benzene and 
methane: 

aCcH,, = 2(V,H«-|-CCH4. 

Copper and platinum work well in case of ethylene groups, but are 
not satisfactory for hydrogenation of the aromatic ring. Nickel is 
effective on the latter.* 

Some pc'culiarities of catalytic nic;kel have been namrcled by Sen- 
derens and Aboulenc.f These investigators state tliat the tempera¬ 
ture at which nickel oxide is reduced by hydrogen is found to depend 
on the mode of preparation and treatment of the oxide used, there 
being also a oonsideral)le difference between the temperature at which 
reduction commences and that at which it is complete. Complete 
reduction is not effected below 300° C., but the mixture of metal and 
oxide thus obtained is more active than the metal j)re])ared by total 
reduction at a higher temperature, the activity of reduced nickel being 
diminished by heating to a comparatively high temperature, although, 
at the same time, its catalytic properties are rend(‘red more^ permanemt. 
Pyrophoric nickel, when heated in the air, furnishes an oxide which 
is reducible at a comparatively low temperature, and reduced nickel 
of impaired activity may be restored, therefore, by oxidizing it and 
again reducing. 

According to Moissan the protoxide of nickel in hydrogen at 230° to 
240° C. blackens and reduces, giving a body pyrophoric at ordinary 
temperature. Muller states the protoxide of nickel at 210° to 214° CL 
in hydrogen loses 11 to 14 per cent of oxygen, apparently giving 
nickelous oxide which corresponds to a loss of 10.7 per cent oxygen. 
At 270° C. it passes into the metallic state. For hydrogenation the 
anhydrous or hydrated oxide of nickel supported on pumice is reduced 
at 270 to 280 degrees (Brunei); 280 degrees (Leroux); 255 to 2G0 de¬ 
grees (Godchot); 245 to 250 degrees (Darzens). 

Senderens and Ahoulenc, however, after a protracted investigation, 
recorded results which in brief are as follows: 

(o) Anhydrous nickel oxide: This oxide becomes green a little 
above 200° C. in presence of hydrogen, but the reduction commences 
only at about 300° C. and is slow at 330° C. It goes on much faster 

* Sabatier has reviewed the subject of catalytic action in organic chemistry, the 
publication appearing as Vol. Ill of the Encycl. de Science Chimique applique aux 
arts industriela. 

•j t Bull. Soci Chim. (1912), ii, 641. 
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at 380° C. up to two-thirds the amount of water which should be 
evolved. There reduction .stops. To get complete reduction the 
tem])erature has to be raised to 420° C. The nickel obtained is 
pyrophoric. It serves very well for the hydrogenation of carbon 
monoxide, carbon dioxide, benzene and toluene, but does not work 
well with the phenols. 

(5) Nickel oxide obtained by calcination; This shows a great re¬ 
sistance to reduction. It is necessary to raise the temperature to 
420° (’. to obtain two-thirds of the water of theory and to a red heat 
to secure complfde reduction. Hcat(;d to this la.st-named temperature 
the product is inactive even with carbon monoxide which is very easily 
hydrogenated. It is pyrojihoric, however. The efficiency of nickel 
as a (catalyzer does not depend on any pyrophoric jwoperty. Non- 
pyrophoric nickel has been prepared which is a good catalyzer. Re¬ 
duction of the oxide (h) at 420° C. gives about one-third oxide with 
two-thirds m('tal. This mixture is active and pyrophoric. It easily 
convert.s water gas into methane. 

(c) Hydrate of nickel: Introducing hydrate, prepared in the labora¬ 
tory, into the tube used for reduction, the dehydration was very slight 
at 200° C., while at 230° (L reduction took place and at 270° de¬ 
hydration and reduction progressed, but rather slowly. In another 
experiment the same “ hydrate ” was reduced after gently heating in 
a crucible to remove the water. The reduction presented the same 
variations commencing about 230° C. and i)rogressing very gently 
up to 270° C. at which point water was given off regularly for 6 hours 
in an amount corresponding to one-third the total expected from the 
reduction of the oxide. At 300° C. two-thirds of the water was col¬ 
lected and at 320° C. the remainder was obtained after treatment for 
several hours. 

Another hydrate of nickel furnished by a chemical supply house 
was more difficult to reduce, not giving off as much water as the pre¬ 
ceding at temperatures 20 to 30 degrees higher. 

Oxides of pyrophoric nickel: These may be obtained by letting 
pyrophoric nickel oxidize in a thin layer in the cold or by heating. In 
the cold the oxidation is variable; when heated the reaction is com¬ 
plete in a moment. The oxides obtained in this manner commence 
to reduce at a temperature much lower than those from which the 
pyrophoric nickel was derived. For example, the oxide resulting 
from the simple exposure to the air of the pyrophoric nickel obtained 
from the hydrate (c) was reduced at 210° C. by hydrogen, giving about 
one-half the theoretic water. 

The oxide obtained by moderate calcination in the air of this same 
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pyrophoric nickel takes up hydrogen at 250“ C. giving off half the 
theoretic water; after which, to complete the reduction it is neces¬ 
sary to raise the temi>erature as in the preceding case. 

The anhydrous oxide (a) commenced to reduci; at 300° C., reduction 
was slow at 330° ('. and normal only at 380° to 420° C. The jjyro- 
jihoric medal which re.sults when this matt'rial is heated in contact with 
air furni.slH^s an oxide of which one-third i.s reduced at 280° and 
half at 320° C. The activity of the nickel reduced from tlu^se oxide,s 
is at least etpial if not superior to that obtained by the nnluction 
of the normal oxid(\ 

When th(' nickel begins to vi’eaken in catalytic effect it is necessary 
only to oxidize and then reduce it, in order to have the catalyzer com¬ 
pletely reg<nierat(al. 

Pas.sivity of ni(dcel as a catalyz(ir: If used to hydrogonaie phenol 
for a day or two it will then hydrogenate cresol, but if u.sed for a month 
on i)hcnol it will not be active on cresol, although still active on phenol. 
By oxidizing and then reducing, the material is very active o!i ere,sol. 

Anliydrous oxides and hydrates of nickel cannot be comidcdely 
reduc('d to the metal at 300° but a mixture of th(' metal and oxide 
results. It is nevertheless true that such mixtures an' more active 
than if compUde reduction with corresponding ('h'vatioii of tin- tem¬ 
perature had taken placcn 

Two stages of oxidation, (hirived from th(> same pyrophoric nickel of 
which in ono case the nsluetion was arrc.stcd at 250° C. when one-half 
the oxide remained, and in the other ca.se the material wa.s heated 
up progre.s.sively to 350° ('. to give total nKhndion, were tested. The 
latter hydrogenated xylenol normally, while, the former gave a hydro¬ 
carbon. 'bo evade thi.s destructive action in a number of cases the 
investigators h(;atcd the nickel after reduction to a higher temperature 
to diminish its activity and conserve its life as a catalyzer.* 

• I’aiioa and Fabris (J. S. C. I., 1908, 1083) showed that at ordinary pre,Hsure 
indcji^'is not capable of combining with hydrogen in presence of reduced riMcl 
at 300° C., but that at 250° C, two atoms of hydrogen are taken up. ipatiew 
(.1. Russ, Phys- Chem, Soc. (1913), 45 , 994) finds that in pre.scnce of ?n'rkel oxide, 
indcnc unites with hydrogen at 2.50° to 260° G. and 110 atmos[)herp.s, yielding the 
hydrocarbon octohydroindenc. The nature of the, metal of which Ipatiew’s high- 
pressure apparatus (J. S. C. I,, 1911, 2.39) is constructed i.s found to exert an influ¬ 
ence 4 )n the hydrogenation, in presence of euprous oxide, of compounds containing 
ethylene linkage.s. Thus, in an iron tube, amylene (trirnethylethylene) is rea<Iily 
converted into isopentane, while in a copper tube the reaction is incomplete, an 
equH^rated mixture of amylene, hydrogen and isopentane remaining: 

C*Hio -f- Hj CftHi,. 

an iron tube and in absence of cupric oxide, no hydrogenation occurs. Similar 



CATALYZERS 


n> 


Several tyi)es of catalyzers have laHiii proposed for oil hardening 
and in some eases processes have been prescritx'd for operation with 
specific catalyzers. From the standpoint of the support or carric'r for 
the j)rimary active material catalyzers may 1)0 <livided into several 
well-defined groups, each exhibiting characteristic properties. Tlie 
classilication emlu'aces; 

Classification ok Catalyzers 

Group A 

I. Carrier porous, inert and coated but is not impregnated with 
catalytic metal. 

II. Carrier active, serving as a secondary catalyzer or feeder, is 
coated but not impregnated with catalytic metal. 

Group li 

I. ('arrier non-iiorous, inert and is fairly evenly coated with cata¬ 
lytic metal. 

II. ('arrier iion-i)oi’ous, inert and instead of being coated is 
l)unct.ated wif.h metal nodules. 

III. Carriei' non-porous, active and is fairly evenly coated with 

catalytic metal. 

IV. Carrii'r non-porous, active, serving as a secondary catalyzer 

or feeder and instead of being evenly coated is ])unclaled 
with metal nodules. 

Group C 

1. Carrier porous, inert and is impregnated with catalytic metal. 

II. Carrier porous, active, serving as a secondary catalyzer and 
is impregnated with catalytic metal. 

Other subdivisions follow if the catalytic, material is used in a 
coarse condition or in a finely-divided state, etc. hiuperficially treated 
or coated carriers are regarded as more desirable for treating liquids, 
while the iiorous imiiregnaU'il varieties find a bettcT field of utility in 
the hydrogenation of gases or vapors which in admi.xture with hydrogen 
are capable of penetrating porous boihes into which viscous liquid 
compounds would not readily diffuse. 

results are obtaim'<l with hydro-aromalic eompoiinils. Further, hydrogetiation in 
an apparatus of ])li<)splior bronze in presence of reduced copi«'r results in tlie e.stab- 
lishmcnt of an ((piilibrium, while, if iron turninK.s arc. also present, hydrogenation 
proceeds to an eml. The .slight catalytic activity of reduced copper in oojipcr tubes 
may be regarded as due to poisoning of the catalyst; or the use of cupric oxide in 
iron tubes may result in a conjugated catalytie action. 

ipatiew (Chem. Centralbl. (U)00), II, 87) found alumina to act as a dehydro¬ 
genating catalyzer on various bodies. 
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THE BASE METALS AS CATALYZERS 

Nickfx Catalyzers — Continued 

Nickel oxide catalyzer is recommended by Bedford and Erdmann* 
as preferable to the metallic forms and some of the f(!ature.s claimed for 
this malcTial are noted in the following: They indicate that the hy¬ 
drogenation of oils by means of finely-divided nickel, although now 
worked on a commercial scahi, has the disadvantagi^ that the catalyst 



Fi<i. 41. — riioto-microgniph of a particle of crushed glass coaLed with nickel oxide 
{e(]uivalent to 10 per cent of metallic nickel). 

is extremely sensitive to small quantities of air and to traces of chlorine 
and sulfur compounds, which latter may be developed from protein, 
always present in vegetable and animal oils. Oxides of nickel are 
capable of acting as hydrogen carriers for the hydrogenation of oils at 
atmospheric pressure, and possess the advantage over metallic nickel 
of being relatively insensitive to gases containing oxygen and sulfur 
compounds; moreover hydrogenation proceeds with much greater 
velocity than with metallic nickel. Any one of the oxides of nickel 
may be used, viz., nickel sesquioxide, nickel monoxide or nickel sub- 
* J. Prakt. Chem. (1913), 87, 425. 
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oxide;* with the sesquioxide and monoxide a temperature of about 
250° C. is required, but with nickel suboxide 180° to 200° C. is suffi¬ 
cient. Wlicn the higher oxides of nickel arc used they become partially 
reduced to the suboxide which is said to form a colloidal suspension in 
the oil. Hence a nickel oxide catalyst becomes more active after it 
has been used, owing to tlic formation of the suboxide. No reduction 
to metallic nickel occurs during 
the hydrogenation process, al¬ 
though in absence of oil, niduc- 
Lion of nickel oxides to metallic 
nickel by hydrogen takers place 
it 100° C. Nickel suboxide may 
he di.stinguished from metallic 
lierkcl by its lack of electric cou- 
luctivity and by its inability 
,0 form nickel carbonyl when 
Toated with carbon monoxide 
mder piessurc at a moderate 
,empcrature. Other metallic ox- 
des (e.g., copper oxide, ferrous 
«ide) are also capable of a.ding 42 . - l>h<.t,<Mnicr,.gra,)h of a particle 
IS (tatalyzers in the hydrogen- crushed glass coated with 10 per cent 
ition of oils, but do not act so of reduced nickel, 
well as nickel oxide. The activ¬ 
ity of nickel oxide is increased by small quantities of the oxides of 
aluminium, silver, zirconium, titanium, cerium, lanthanum and mag¬ 
nesium. Nickel salts of organic aci<ls do not act as catalysts, 
but in presence of the heated oil are decomposed by hydrogen, 
yielding nickel oxides and, under certain conditions, also metallic 
nickel; the resultant nickel material then acts as a catalyst. Nickel 
formate in the presence of the heated oil is reduced by hydrogen to 
nickel suboxide at 210° C., while at 250° C. metallic nickel is also 
produced. In carrying out the hydrogenation, the oil is placed in a 
cylindrical copper vessel fitted with an agitator, and heated in an oil 
bath to 180° C. while a slow current of hydrogen is passed through. A 
small quantity of nickel oxide is then added, the temperature is raised 
to 255° to 260° C., a further addition of the catalyst is made and the 
supply of hydrogen is increased. The hydrogenation is controlled by 
examining test-samples of the oil as to melting point and iodine value. 
The oil becomes black possibly owing to the formation of col- 

* Compare Moore, Clicm. News (1895), 7182. Bohm (Seifen. Ztg. (1912), 1044) 
briefly discusses oxide catalyzers. See also Soap Gazette aud Perfumer, 1913, 107. 
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loidal ” nickel suboxide, whicli passtis through a filter-paper, but can 
be rcmovcid by centrifuging. Nickel soaps are formed only to a slight 
extent, and probably in eonsoeiuenee of a secondary ri'action during 
the (tooling. The hydrogenized fat is free from hydroxy-acids. The 
catalyst after use contains some organic mati.er apparently composed 
partly of'nickel palmitate or stearate;, and other substances, one of 
whi(;h probably is nickel carbidi;. Tl>e process is easy to control if 
pure hydrog(;n is av'ailable, and in an expei’imeiital plant of 1 ton 
capacity Hodford and Erdmann report, tliat more than 100 tons of 
<liff(;rent oils liav(; been harden<;d bj' hj'drogenation in the manner 
d(;seribed. 

Ni(;ke] oxide catalyzers have been made; tla; subject of a numb(;r of 
patents. 

English Patent 4702, of 1012, to Boberg and the Tcchno-Chenical 
Laboratories, Ltd., London, propos<;s to prei)are catalyzer through the 
reduction of a metallic compound such, for e.xample, as ignited nickel 
carbonate, the reduction taking pla<;e with hydrogen under such con¬ 
ditions that the nickel contains one or more suboxides, or when nickel 
is emi)loy<‘d a comiiound is formed which contains less o.xygen than 
the ordinary oxhle NiO.* 

The obs(;rvation is made that in the reduction of ignited nickel car¬ 
bonate by h>'drogen the product obtained is just so much more 
cient catalytically the lower the tem|)erature at which the reduction 
takes place, because of the suboxide formed. The catalyzer apparently 
also contains some hydrogen. I’he proi)aration of the catalyzer is 
carried out liy passing ignited nickel carbonate, free from injurious 
impurities, continuously in a slow stream through an in(;lined rotary 
cylinder, which is heated in part or throughout its length, while hydro¬ 
gen is allowed to flow through in an opposite ilirection. By suitable 
regulation of the influ.x of the material as well as the proper regulation 
of the temperature, the reduction may Ire carried out in such a manner 
that one obtains a catalyzer which is partly or mainly composed of the 
suboxide. The most suitable temperature is between 230° to 270° Cl. 
and the length of the heating operation must be ju.st so much more 
prolonged the lower the maintained temperature. Unnecessarily 
long heating must be avoided otherwise the. reduction goes too far 
which causes a diminution in (;atalytic activity. The (;atalyzer so 
obtained can be used immediately for oil hardening or it may be pre- 

* The propoisal by Boberg to irrcpare a catalyzer from nickel carbonate by ignition 
and reduction to form a mixture of nickel and its suboxide ia criticized by the editor 
of the Cliemikcr Zeitung (Chein. Ztg. (1913), 481) as offering nothing novel in view 
of Bedford’s disclosures in English Patent 29,612, 1910. 
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served in contact with air where it oxidizes very slowly, provided local 
over-heating is avoided. 

One can also collect the catalyzer in water, filter and dry in the air; 
or it can be eoik'ctc'd in an atmos])here of hydrogen which is gradually 
displaciid by air. 

The produ(d.ion of suboxide catalysts is also (larried out by reducing 
nicked oxide' as coiupl(d,ely as ))ossil)lc anil then controllalily oxidizing 
the [iroduct in any suitable way as with air or oxygen diluted with an 
indifferiud gas, suidi as carbon dioxide, so that the introduction of 
oxygen can jirogi'css without local overheating. Such oxidation can 
go on betwi'im 300° to ()()0° ('. 

'riu! degree of catalytic activity of a metal oxide depends not only 
on its (diiunical but also on its physical properties. It is known that 
metal ('atalyzi'i's, such as nickel, cobalt and iron, require very fine 
division for effective, action. The same is also true of the oxides of 
these me1.al.s. The German Patent to Erdmann and Bedford (200,000, 
1!)]]) ridates to oxide catalyzers in a voluminous form. The )>aten1ees 
st-ati' that metal oxides may 1>(^ obtained in the form of an (w]iecially 
fhu'ly-divided voluminous material if one takes a concentrated aqueous 
.solution of the nitric acid salt from which the oxide is to be made, 
mixes with it a wati'r-solulili? organic compound rich in carbon and 
then subjects the mixture to comliustion i)y allowing it to fall, drop 
by drop, into a heated vessel. The strong evolution of gas which thus 
takes place, due to the eomiiustion of tlie organio compound and 
simultaneous decomposition of the nitrate, iirodueiis nickel oxide in a 
very voluminous form. Especially recommended for this purpose are 
the sugars and carboh.ydrates, for these when heated by themselves 
produce a strongly-swelling earlionaeeous mass.* 

As an example Erdmann and Bedford state that nitric acid of 1.42 
specific gravity is diluted with an equal volume of water. Pure metal¬ 
lic nickel is introduced. After the reaction is complete the solution is 
heated for two liours with an excc.ss of nickel in order to completely 
neutralize the nitric acid and to separate any iron present as a pre¬ 
cipitate of iron hydroxide. The clarified nickel nitrate solution is 
evaporated to specific gravity of ,1.0 and to one liter of this fluid, cor¬ 
responding to 250 grams of nickel, 180 grains of powdered cane sugar 
are introduced. Tliis solution is allowed to run in portions into a 
muffle heated to a low red heat. Each iiortion is heated until no 

* The U.SO of sugar or gum in a somewhat similar manner has been describeil by 
Schroeder (J S. C. 1., 1902, 344 and British Patent 10,412, 1901), who found it 
possible to increa.se the porosity of caUlytie material by ignition with such carbo¬ 
naceous matter, so as to form blowholes or bubbles in the catalytic mass. 
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more red vapors depart, when the voluminous nickel oxide which is 
formed is removed from the muffle and a fresh portion of the solution 
is introduced. 

In plac(! of cane sugar other varieties of sugar may be applied and 
also water-soluble starch, dextrine, gum, tartaric acid or other water- 
soluhlf! organic acid sul)stanc(!s which arc rich in carbon. 

In a similar manner the o.xides of cobalt and iron or other cata- 
lytically-active oxides may he brought into a voluminous form.* 

It is the belief of Erdmann t that the oxide catalysts are superior 
to metal (catalytic material, because the former not only have strongly 
marked catalytic properties hut they are more stahk? than the latter. 
Erdmann refers to jjrior investigations of Ipaticw who worked with 
various organic compounds other than fats, employing nickel oxide 
and hydrogen under very high jwessure; while in the presemt ease 
fatty mat(^rial, it is claimed by Erdmann, is smoothly hydrogenated 
under ordinary atmosidieric pressure. For examj)Ie, linseed oil or 
any other fatty oil may h(‘ heated with one-half to one; per cent of 
nickel oxide, such, for example, as may he obtained by calcining pure 
nickel nitrate at a low red heat. The temperatur(^ of the linseed oil 
is raised to about 255 degre<i.s and a stream of hydrogen is ])assed 
through the oil when it is observed that the nickel oxide and oil mix¬ 
ture l)ecom(!s deep black and the oxide appears to undergo subdivision 
and po.ssibly transformation into a colloidal state, the solvent atxiuiring 
an ink-like appearance. At the same time hydrogen is absorbed and 
the oil is hydrogenated. 

This “ colloidal ” form of nickel oxide catalyzer, which apparently has 
not been observed with metallic nickel, is regarded by Erdmann as 
of great importance in this art because it enables a finely-divided 
catalyzer of an effective nature to be so easily prepared. When the 
hardening process is finished the nickel oxide catalyzer clots and 
collects so that it may be separated readily from the hardened fat. 

The analyses of the hardened products of linseed, peanut and sesame; 
oil show that by the process an approximately pure glyceride of stearic 
acid is produced without any trace of oxy fatty acid impurity. 

Nickel soaps form in the presence of free fatty acid only in an in¬ 
consequential way to an amount of about xiij of 1 per cent or so. 
This slight amount is said to remain along with the catalyzer in an 
undissolved state. 

* Suboxicle of nickel is iirepareci for catalytic piirpo-ses, acconiiiig to Bedford 
and Williams (J. 8. C. I., 1914, 324), by heating a mixture of nickel oxide or an 
organic salt of nickel with oil in a current of hydrogen. 

t Sgifen. Ztg. (1913), 605. 
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The whole liard<'niiig process, when pure hydrogen is at one’s dis¬ 
posal, is so simple witli reference to tlie ai)])aratus ixspiired, and 
operates so smootihly tiiat the shifting from the laboratory experiiiKMils 
to work on a large scale is stated to have offered no ilifficulties. 

In one experiment carried out by Bai/ord and Erdmann * 3 graniHcf freshly pre¬ 
pared nickel oxide were added to 30 grams of cottoiisee<l oil and treated with liydro- 
gen at 300 C. until the oxi<le ha<l be(x>me bhuA in color and very finelv dividcHl. 
'I'he solidifying point of the fat was then 4S° C. The mixture was cooled to lHr)“ C,, 
'370 cc. of cottonseed oil added and a strong current of hydrogen passed through llu' 
oil and catalyzer (maintained at 183’' C.), for one hour when the solidifying point 
was found to be C. 

Another interesting question to which reference has already been 
made is whether or not nickel oxide in oil is reduced to metallic nickel 
by hydrogen, and wliether any finely-divided metal which might arise 
in this manner is a carrier of hydrogen.f 

M bile nickel oxide (NiO or NjO) yields nickel in an hydrogen atmos¬ 
phere at 200 degrtics and even in fact as low as 190 degrees, tin; be- 
liavior of these bodies, according to Erdmann, is very different when 
they an; immersed in oil. In the latter case the oil acts as a protective 
clement and hinders or prevents complete reduction. The reduction 
goes no furtlier tlian tlie suboxidc stage, and Erdmann believes that 
some sort of an addition compound is formed with the unsaturated oil. 
If the catalyzer is removed from the hardened fat and entirely freed 
from the latter by extraction with benzol, the used catalytic material 
is obtained in tlie form of a soft black powder which is more or loss 
strongly magnetic, but wiiich does not possess any conducting power 
for electricity. 

A great number of analyses have shown tliat the nickel content 
lies between nickelous oxide and a form of suboxide described by 
Moore.]: Not the slightest trace of metallic nickel is found in the 
used catalyzer if the fatty oil is free from strongly reducing substances 
such as aldehydes or formic acid. 

* Jour. f. luakt. Chem., 1913, 440. 

t The possibility of nickel oxide and carlionatc becoming rcducisi during hydro¬ 
genation oi>oration, so as to actually yield a nietallie catalyzer similar to that cov¬ 
ered by the Leprinee and Siveke basic patent, is considered by Mayer (Seifen. Ztg. 
(1913), 1224) who also discussiw the situation in Germany respecting patented 
processes of hydrogenation. 

Professor Erdmann (Seifen. Ztg. (1913), 1325) discusses the scope, of the Lo- 
prince and Siveke German Patent 141,029 corresjronding to the Norinann British 
Patent 1515, 1903, especially with regard to the use of nickel oxide catalyzer in the 
form employed by Bedford and Erdmann. 

t Chem. News, 71, 82. 
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The absence of metallic nickel* is rather definitely shown through 
the indifferent electrical conductivity of some used nickel oxide cata¬ 
lyzer from which the fat had been removed, the oxide being pressed 
into block form for the purposes of such test. A control test made 
with catalyzer which before use had received an addition of a few 
per cent of freshly-reduced nickel showed, under like circumstances, 
a relatively high electrical conductivity. Also the very different be¬ 
havior of carbon monoxide toward metallic nickel and nickel oxide 
indicates the non-metallic nature of the used nickel, oxide catalyzer. 

So in two ways it is alleged to have been shown that under normal 
conditions of the process of hydrogenation, nickel oxide is not reduced 
to metallic nickel. According to Erdmann, after numerous compara¬ 
tive tests, a great advantage of the process over those made known 
up to this time has been established. 4'he fact that nickel oxide cata¬ 
lyzers experience a partial reduction to nickel suboxide brings up the 
question as to whether or not the suboxide is the only oxide of nickel 
which is capable of transf(^rring hydrogen to un.saturated compounds. 

In the application of th(^ higher oxide the first i>hase of the hydro¬ 
genation which takes place at 250 <lcgrces is that of the formation of 
magnetic suboxide, and tlu, once-used nickel oxide catalyzer possesses 
more marked activity than the unused. With such a once-used 
catalyzer hydrogenation i)rogresses with much greater ra])idity and 
also at an essentially lower temperature. After use eight times the 
nickel oxide <!atalyzer was still active. 

Erdmann prepared Moore’s suboxide through electrical reduction 
from a solution of nickel potassium cyanide. This he fouml possessed 
the properties stated by Moore, namely, it was magnetic, reduced 
nitric acid, developed hydrogen with mineral acids and showed no 
electrical conductivity. The compound, both in water and in oil, 
showed colloidal proi)ortics. When introduced into hot cottonseed oil 
it distributed itself through the oil in the form of a very fine suspen¬ 
sion which colored the oil black, and treatment with hydrogen at 
210° C. indicated that the (compound even at that relatively low tem¬ 
perature was an excellent reduction catalyzer. 

In passing, it may be mentioned that other oxides besides nickel 
have been found to jiossess the property of transferring hydrogen. 

• Meigcii and Bartels (.1. pr.akt. Chem., 1914,301) (xrnaider the view.s of Erdmann, 
regarding the formation of nii-kcl suboxide when employing an oxide catalyzer, to 
be untenable, and conclude that metallic nickel is formed under the eonditioirs 
established by hydrogenation. Experimental studies in support of this position 
are detailed. From the analytical results, the electrical conductivity and the 
observed formation of nickel carbonyl, Meigcn and Bartels consider metallic nickel 
to be indicated, contrary to the views of Erdmann. 
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This has been noted with copper and iron oxide. Osmium tetroxide 
has been found by Lelimann to effect hydrogenation wliile in itself 
becoming converted into colloidal osmium dioxide. 

A comi>arison has been made by Erdmann between oxide catalyzers 
and organic-salt catalyzers, such as the formate, acetate, oleate and 
other similar salts which have been studied in connection with oil 
hardening, and ErdmanTi has reached the conclusion that these salts 
do not act directly as catalyzers. In order to clTect hardening it is 
necessary to break down the organic salt. It does not in itself possess 
the property of acting as a hydrogen carrier. So long as it remains 
unchanged no hydrogenation takes place. As soon, however, as a 
sufficiently high temperature is reached, Erdmann thinks thes(! organic 
nickel salts, under the influence of hydrog<!n, are decom])oscd in such 
a way as to form nickel oxide and the suboxide, which latter possesses 
the proi)erty of forming an oil colloid and becomes a(dive as a catalyst. 

Under some circumstances a miiTor of metallic nickel forms on the 
walls of the vessel: this occurs especially easily when nickel oleate is 
us(‘d, and also has been noted with nickel formate when the oil is 
maintained at a relatively high temperature, approximately 250° C. 
The metallic nickel which forms as a mirror or othcrwi.se, it is claimed, 
does not exert a catalytic action, but the nickel oxides which arise 
and which pass into the oil in a finely-divided comlition are effective 
catalysts.* 

The application of organic nickel salts, sucdi as nickel formate, suffers 
the disadvantage that the action is not immediate, because time is 
re(iuir('d to effect the decomposition of the formate. Furthermore, 
there is the loss in formic acid and the costliness of regenerating the 
catalyzer.* 

♦ Bohm (Seifen. Ztg. (1912), 737, Soap Gazette and Perfumer, 1913,107) advances 
tlie rather .sweeping view that many of the patents issued subsequent to the Leprince 
and Siveke German Patent 141,029, 1902, have little or no standing. He states 
that operations involving changes in air pressure are common expedients of organic 
chemistry; that spraying oils to secure intimate contact with gases is well known, 
citing such use in the linseed oil industry; and that metallic catalyzers in the col¬ 
loidal form may fall within the definition of a finely-divided metal. He, however, 
regards the metal salt catalyzers as being indeiiendeut of the Leprince and Siveke 
Patent, but expresses some doubt as to the continuance of their use in Germany after 
the expiration in 1917 of German Patent 141,029. 

The views of Bohm are criticized in the Scifensieder Zeitung (1912), 1001, his 
idea that almost aU patents for oil hardening will lose their value with the expiration 
of the Leprince and Siveke Patent in 1917 being regarded as erronTOUs. The 
contrary is more likely to take place, that is, the value of these processes wiU advance. 
It is a matter of surprise that Bohm regards the metal salt catalyzers as independent 
of the Leprince and Siveke Patent. Nickel formate, as weU as other salts, such as 
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Sabatier and Espil have studied the reduction by hydrogen of nickel 
oxide obtained by igniting the nitrate. Reiiuction takes place at 
170° C., at which temperature, after 112 hours, 72 per cent were re¬ 
duced. Thereafter the reaction progressed more slowly and after 160 
hours the conversion amounted only to 80 per cent. These and other 
observations appear to disprove the claim made by Glaser that below 
330° G. not over 50 per cent of nickel arc reduced and tiiat the oxide 
NijO is produced. In fact, the work of Sabatier and Espil would in¬ 
dicate the existence of a difficultly oxidizable oxide having the formula 
Ni 40 .* 

Sabatier and Espil in a further investigation of the question of 
degree of reduction of nickel oxide when heated in the presence of 
hydrogen make note t that a careful calcination of nickel nitrate 
affords nickel oxide which reduces to metallic nickel at a temp(!rature 
of 155° C. without the production of a non-reducible suboxide. 
When the oxide is calcinc^d at a bright red heat reduction takes place 
at 155° G., but the action is slower. * 

An additional contril)ution to this subject by Sabatier and Esjul 
(Comp. rend. 1914, 668) indicates that sufficient metallic nickel is 
formed from the oxide in oil to ex))lain the catalysis observed in the 
case of the Bedford-Krdmaim jrroccss. Sabatier and Espil use the term 
coefficient of reduction to represent the proportion of oxide reduced j)nr 
hundred parts. At 240° (’. on three hours exposure to hydrogen, an 
oxide of nickel which had been prepared by calcination at 5,50° C. 

nickel lactate, acetate, etc., proposed by Wimmer and Higgins, are first broken 
down into nickel oxide and acid; while under the influence of heat and hydrogen 
the organic acid is further decomposed and the nickel oxide, at least in part, appar¬ 
ently is reduced to metallic nickel. Without the presence of metallic nickel hydro¬ 
genation i,s thought to be scarcely possible. 

The decomposition of uickcl formate into acid and metallic nickel is said to be 
very easily demonstrated by a laboratory test. Wimmer and Higgins may perhaps 
conduct the procc.ss so as not to form metallic nickel. A serious disadvantage exists 
in the regeneration of the once-used contact material of this character; for recon¬ 
version into nickel formate, acetate and other costly organic salts is an expensive 
operation. The oxide catalyzers likewise would be expected to form metallic nickel 
during the hydrogenation proce.s8, even though the reduction be only partial. From 
the work of Ipatiew such reduction apparently does not take place. Possibly the 
envelopment of the molecules of oxide by oil hinders the reducing action of the 
hydrogen. 

The doubts formerly had with regard to the effectiveness of oxide catalysts have 
now vanished, for during a considerable period this contact material has been used 
for hardening oils on the large scale. A reduction of the oxides to the metallic 
state has not been observed under these circumstances. 

» Chem. Ztg. (1913), 1121. 

t Chem, Ztg. (1913), 1649. 
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show(!(l a coefFi<'i(!tit of roduetion of Of}, while oxide wliich had been 
ignited at a bright red h(>at exliibifed ii (X)efHcient of 32.8. (These 
figures relate to fhe; dry oxid<^ not in oil.) At 155° C. on !)() hours ex¬ 
posure to hydrogen, a light oxide gave a nxluetion coi^ffieient of 5G and 
a ealeined oxide was found to hav(! a eoeffieient of only 2.r)., The rate 
of roduetion was found to be somewhat accelerated l)y increase in th(' 
rate; of flow of hydrog(ui over the oxide mass. At 240° C., with a rate 
of flow of hydrogen of (i eu. cm. per minute the coefficient was 44.5, at 
17 cu. cm. the coefficient increased to 65 and at 24 cu. cm. the coefficient 
became 77.5. Sabatier and Ksi>il not(^ that elevation of the tempcirature 
grciatly incrciases the spec.d of reduction. At 220° C. with oxide of 
nickel, the following coefficients were obtained. 

1 hour... 

4 hours. . 

5.5 hours 

6.5 hours 

7.5 hours 

22 hours. 

At 250° C. the coefficients were found to be as follows: 


\ hour. 30.0 

1 hour. 52.0 

1.5 hours. 78.9 

2 hours. 87.0 

2.5 liours. 02.5 

3 hours. 95 3 

15 hours. 100.0 


Between 190° to 240° C. the speed of reduction is an exponential func¬ 
tion of the temperature. The reduction of nickel oxide at 175° C. 
gave a coefficient of 10 and on treating this product with carbon mon¬ 
oxide at 50° C. nickel carbonyl was obtained. Sabatier and Espil con¬ 
clude that a suboxide is formed by reduction in this manner, having 
the composition Ni 40 , corresponding to the coefficient 75. This sub- 
oxide is not, however, irreducible but is, as stated above, more slowly 
reduced than the protoxide. 

Dry hydrogen has been found to reduce the oxide better than moist 
gas and in practice it is recommended that the hydrogen employed for 
reduction purposes be freed from moisture befora use.* 

t Sabatier and Espil have observed that moist hydrogen is at least as active as 
dry hydrogen in the hydrogenation of benzene and phenol (Bull. Soc, Chim., 1914, 
228). 
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Tho rato of hardoiiinp of ooflonsood oil hy niclcel and niokel oxide 
catalyz(!rs lias been investigat'd Iiy Meigen and Bartels (tl. prakt. 
Chem., 1914, 2911) and tiieir re,snlt,s are sliown in Fig. 49. Curves 1, 2 
and 9 were derived with inc1.allie nickel at 170° C., and 4 and 5 with 
nickel oxide at 250° t.o 25.5° C. The amount of catalyzer in all cases 
corresijonded to two per cent of nickel oxide. No. 1 was obtained with 
nickel jirejiared from the carbonate, No. 2 from reduced oxide and No. 
3 from a commercially-used eatalyzi'r. The oxide employed in Nos. 4 
and 5 w'as obtained by ignition of the nil.rate. Thesi' curves indicate 
a slower action for the oxide, which Meigen and Bartels attributf' to the 
time required for iireliminary reduction of the oxide after its addition 
to the oil, and before actual hydrogenation of the oil occurs. 

Free oleic acid can be hardenc'd veiw- easily by mc'ans of a nickel 
oxide* catalyzer, according to Bedford and Erdmann.* Nickel oleale 
forms only in slight amount. 

Pure nickel, obtaineil by reduction of tho nitrate, according to 
Chom. Fabr. auf Acticn,t is inactive for the purpose of converting 

borneol into camjihor; if, however, a 
small ([uantity of sodium carbonate 
b(^ udilod to tbo nitrate before: re¬ 
duction, a very active product is 
obtained; a .similar mixture is ob¬ 
tained by adding 0.17 per cent of 
pure sodium oxide to the nickel; 
other bases or salts which are not 
readily reduced at a rod heat may 
be used in place of sodium oxide. 
Further, if a small quantity of cer¬ 
tain other metals is introduced into 
the nickel, the mixture will have 
a very powerful catalytic action. 
Mixtures of 6.7 per cent of cobalt or cop])er with 93.3 per cent of nickel 
may bo used; they are obtained by the reduction of the mixed ni¬ 
trates. The process is not confined to the use of nickel; it is stated 
that other metals possessing catalytic action can be used with equal 
effect. 

By a method somewhat similar to that of Bedford and Erdmann the 
proposal comes from Kast i to prepare catalysts in a finely-divided volu- 

* Jour. f. prakt. Chem., 1913, 450. 

t French Patent 401,876, April 8, 1909; German Patents 219,043 and 219,044, 
1908. 

t U. 8. Patent'1,070,138, Aug. 12, 1912. 
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minous condition by heating the trinitrophenol salt of a heavy metal. 
These salts are combustible and when ignited they expand greatly, 
so th(‘ r(^snlting ashes (m(‘tul or metal oxid(‘) are found to be in a volu¬ 
minous, s]>ongy form. Ka.st (“laims that tiu* usual ])rocethire of pre¬ 
cipitating a salt solution (with or without a earri(ir) yields a coarse 
crystalline ])reci])itat(\ and that. r(‘du(dion by heating in a r('(iu(ung gas 
slag.s the prcH:ii)itate in consoipientie of which the catalytic effec-tivcness 
is considerably diminished. To avoid tlanger of an ('xpIosi{>ii when 
decomposing tlie trinitrophenol compound by ignition Kast adtis oil 
or tar as a diluent. He also retmmraends for this purpose nitrate of 
ammonia, as this salt evolves large (juantitiew of gas on heating and 
loaves no residue. The formation of slag which Kast objects to in 
ordinary reduction seemingly would lx; aggravated wh(;n a salt of 
trinitrophenol is burned umh'r these conditions. 

The hydrogenation of unsaturated fatty acids and their esters 
may be effected, according to deKadt,* by means of hydrogen in the 
pr(;senoc of a catalyst consisting of a soap of a heavy metal or of a noble 
metal, made from a fat or fatty acid having a molting point higher than 
that of the saturated comi)ound to be i)rodu(;e(l. For exampk;, the 
nickel soap, or preferably a mixture of the nickel and iron or copper 
soaps of the fatty acids of stearine or .Japan wax, is dric;d and powdered, 
and can then bo intimately mixed with the oil to be hydrogenated. 
After hydrogenation the oil is l(;ft ciuie.soent at a t(;mi)eratur(; above its 
melting point, wh(;n the soap particles will agglomerate and settle on 
cooling. If, however, the oil is kept in motion and filter(;d, the soap 
does not pass through tlu; filter. It is stated that this proeesss is more 
efficient than when m(;taHic catalysts are used, owing to the more 
intimate contact between the cataly.st and oil or fat which is here 
olrtaincd. 

Basic compounds of high molecular fatty acids with certain of the 
heavy metals arc proposed as catalyzer formative material by Hausa- 
mann.t The compounds dissolve in the oil undergoing treatment 
and in the presence of hydrogen afford active catalytic bodies. The 
temperatures employed range from 100° to 180° C. After the oil has 
been hardened it may be treated with dilute acid to remove the 
catalyzer.! 

The employment of a basic salt of a heavy metal (nickel or copper) 
with a fatty acid is recommended by De Nordiske Fahriker De-Nu-Fa 
Akiieselskap as a catalytic material in the hardening of fats or fatty 

* British Patent 18,310, Aug. 9, 1912. 

t Zeitsch. f. angew. Chem. (1914), 63, No. 7. 

} Sec also Seifen. Ztg. (1914), 7. 
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acids. Al>out 0.4 p<'r (-('nt of tho metallic conipouiul is list'd and the 
hydrogenation takes iilace at temperatures Ix'tvvt'en 100“ ('.. and 
180“ (’.■* 

Organic comjiounds of metals, such as metallic salts of organic 
acids, are employed by Wimmer and Higgins f as catalytic agents in 
the reduction or hydrogenation of various organic compounds; thus 
the coiiper, iron, nicktd or cobalt .salts of formic, acetic or lactic acid 

may be employed. The ad¬ 
vantage of these compounds is 
that they can readily be mixed 
with the compound to be re¬ 
duced, cither in the form of a 
.solution or as an “ emulsion 
thus the comiiound may be 
(-mulsifiod with the catalyst 
and at the same time treated 
with hydrogen. Tt is ,stat('d 
that hydrogenation may be ac- 
ei'lerated either by using the 
hydrogen under ])ressure, or 
by impregnating the compound 
to be reduced with hydrogi'ii, 
and then bringing it into in¬ 
timate contact with the cata¬ 
lyst. One detaih'd example is 
given in the specification, de¬ 
scribing the treatment of 100 grams of cottonseed oil with hydrogi'U 
in presence of 1 to 5 grams of nickel formate at a temperature of 170“ 
to 200“ C. 

Wimmer makes the statement that those organic salts arc not 
reduced to the metallic condition during hydrogenation.t 

Bedford and Erdmann § state that nickel formate yields nickel sub¬ 
oxide at 210° (k, while metallic nickel is formed at 250° C., and that 
nickel acetate, oleate and linoleate behave in a similar manner. 

Higgins II uses nickel or zinc formate in the reduction of organic 
compounds without the application of gaseous hydrogen. 

Several other methods of producing catalyzers have been the sub- 



Fi(i, 44. — I’lidto-imcrograiih of iii<'koI pre- 
(■iliitatc<l in cottoiisw'il oil liy the action of 
liyiirogcn on iiicivci rcsinato (Ussolv<'(i in 

thcoii. X lOU. 


♦ .1. S. C. I., 1914, ,424. 
t French Patent 441,097, March 8, 1912. 
t Hcifcn. Ztg. (1913), 1301. 

§ Zeitsch. f. ang. Chem. ref. (1913), 751. 

11 Chem. Ztg. Rep. (1913), 680; British Patent 23,377, Oct. 12, 1912. 
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jcot of till' puti'iits US, for oxamplc, that to Crosfield * in accordance 
with wliicdi kieselgulir and the like is impregnated with a solution 
of nickel sulfate and the impregnated material treated with alkali 
hydrate to pre^eijiitate nickel hydrate in and on the porous material. 
The product is then well washed, dried and r<‘duced. If kieselgiihr 
is used the powder should contain ai)out 30 per cent of raetalire nickel.f 

A similar proeedun? is tlu? subject of a patent to Kayser.t In this 
eas(', however, the nickel sulfate or other nickel salt in coneeulrated 
solution may he used in an amount to saturate kies<‘lguhr whiles h'aving 
it in an aj)])arcntly dry condition, when it is incorporated with a molec¬ 
ular jjrojiortion of powdered carbonate of soda and the mi.xturc thrown 
into boiling water, dried and reduceil. 

K'ayscr st.iUes tliat Oktc are varioiis known ways for imidinliiR metail'c ))ovv(lerH in 
a slate of line division .Nickel powder, wliicli for many pnrpose.s is reconnizeil as 
the most |ioten( catalyzer f.eehnieally available, is, for example, most conveniently 
produced by aetinj: upon such nickel compoumls as the chloride, o.xide, hydrate or 
carbonate at an adeiiuate lem|K‘rature with hydroEcn. The catalytic enei'Ey of 
such a jKiwder, however carefully pri’pared, he says, is at. best an um-erlain ipiaiitity; 
freijuently it is feeble, as sometimes, for no conclusive reason, it is alloEcther laek- 
iiiE. furthermore, powdi'r thus produeisl is siieeitieally heavy ami he claims can¬ 
not. be easily keiil in suspension m a liquid medium like oil, whim t hat is desired, 
nor can it, since it forms an almost impervious sediment, be readily siqiarated and 
recovered from such liipiid medium by a contrivance like the filter iiress. Th(> same 
objections, he says, apply to nickel jKiwder pre|)are<l by other means; ami, in the 
endeavor to improve on these, Kuyser bririEs a comiiound of nieki'l, such as the 
nitrate, oxide, hydrate or carbonate, into intimate contact with an iniTt, absorptive 
and I'onqiaratively bulky mim'ral substance, such as kieselEuhr and infusorial earth, 
dries and comminutes the jiroduct, and reduces the |siwder thus produei'd. In one 
ease he saturates kie.selEubr with a solution of nickel nitrate, dries the mixture, 
i‘mployinE in the case of the nitrate suHieient heal to expel the nitric acid, Erinds 
the resulting product and reduces with hydrogen. Another way is to jrermi'ate 
or saturat.e kieselgiihr with a .solution of nickel chloride, nickel sulfate or other 
soluble nii'kel salt, enter the resulting product, with or without previous drying, into 
a boiling .solution of carbonate or hydrate of soda or other suitable precipitant, remove 
the soluble salts, formed by washing, dry and comminute the residue, and reduce 
it as before. A third and preferred method, as stated, is to saturate the kie.selgulir 
with a solution of nickel ciiloride, nickel sulfate or other nickel sail, using so much 
solution only as will leave the kioselguhr in an apparently dry and freely workable 

* British Patent 30,282, 1910. 

t Ubbelodhe and Woronin (Petroleum (1911), 7, 9) prepared a catalyzer by crush¬ 
ing a jilatc of porous clay (which had been igniteil) to form particles of about the 
size of peas. Nickel nitrate was melted and heateil until water vapor ceased to be 
evolved. Then the clay particles were addeii and the mass was stirred and strongly 
heated to exjiel the oxides of nitrogen. This step was followed by reduction with 
hydrogen at 360° C. 

t U. S. Patent 1,004,034, Sept. 26, 1911. 
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condiLioii, int^orporjLUi a iiiolt'cular proportion of powdered carbonat,e of Hoda or 
other powden'd j)reei])itan!j tlirow the mixture witfi eonstant Hfirring into boiling 
wai.(T, reniovt' th(' solubl(‘ salts fornieil l>y washing, dry and eomininute the mixture, 
and redins' as before. 

To develo]) the highc'st e-atalytie (dlieieney, l\ayser.stat(‘s that tin; kieselguhr should 
Ix'eortK' (‘verdy and eonipletely eoated and permeated, plated as it wt're with a film 
of inetul, arid that a eatalyzrT eomjHrsed of one to twrr parts by weight of inetallirr 
nickel and four parts Iry weighi, of kieselgulir has however i>roved very effisdive tn 
saliirating fals rutd oils Iry means of hydrogrm. The authrrr can sei' no advantagi' 
in jiernH'al ing or im])regnating the interior canals of the carrier with eatalvtie metal 
when till' catalyst is to be user! for hydrogenating fatty oils. 1'he ])orous suiiimrt 
usf'd by iSalirifKM' and Hr'udrTi'ns, to be sure, was im[>regitated with irduced nickel, 
but. these investigators ihrs'et.rsl thirir attention to the hydrogenation of readily 
volatile substances, capable of diffusiiig into the interior of the iiiekel-laden ))orous 
material 

Set'king; to ovorcomt' tli(‘ disadvaiitagi' of retidy oxitlation in thi' air 
liosst'.s.sed liy normal catalytic iiicki'l, Kayscr * reduces the nickel 
oxide or ecuiivalt'iit material at a temperature of 500° to 600° ('. and 
then itasses tlirougli tlie reduced material a lirisk current of carltonic 
acid until the escaping gas proves no longer inflammable. By this 
iiK'thod it is claimed tliat a catalyzer is secured wliieli will remain per¬ 
fectly cool on e.xiiusure to the air and evmi may la* expo.sed for days 
without losing any of its catalytic energy, a result which probably is 
due to elimination of occluded liydrogen.t 

Wilbuschewitch | proposes <.o secure more rapid reduction of cata¬ 
lyzer by agitating it in the presence of liydrogen in a lieati'd rotary 
drum. Tile temperature' during the treatment is stated to bo 500° (I 
Wilbuschewitch § lias jiatented a process of regenerating spent eata- 
ly.sts of tlu' nickel tyiie, involving extraction with Ix'nzenc, treating 
witli alkali solution, aciilifying, tre-ating with sodium carbonate solu¬ 
tion and reducing. 

The recovery of catalytic material is described by Naamloozo 
V'ennootsehaj), Ant. Jurgen’s Vereenigde Fabrieken in Britisli Patent 
27,233, 1913.1 Tlie catalyzer is freed from organic matter liy lieating 
in a current of air, the material is treated with an acid to dissolve 
metal from its insoluble carrier and the metal is then precipitated on 
the same carrier. 

* U. H. Patent 1,001,279, .-tug. 22, 1911. 

t The Bromrai-Besiglieiincr Olfabriken (Scifen. Ztg. (1913), 1007) recommend 
the exposure of catalytic material to an atmosphere of cai'bon dioxide, or inert gases. 
The catalyzers produced in this manner are stated to be permanent and to possess 
great activity. 

t U. S. Patent 1,016,8G4, Feb 6, 1912. 

§ U. S. Patent 1,022,347, April 2, 19ia 

II Scifen. Ztg. (1914), 169. 
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Bedford and Erdmann * treated a quantity of used nickel oxide cata¬ 
lyzer with dilute' sulfuric acid. Hydroge'ii, accompanied by hydro¬ 
carbons of disagree'able odor, was evolved. A carbonaceous residue; 
amounting to (i or 7 jx-r cent remaim'd after treatnu'ut with flic aciel. 
Nicki'I f)xide lias bci'ii found to take u|) silica when usi'd reiK'atedly as a 
catalyzi'r. The same absorjition of silica al.so occurs with jailladium. 



I'm. -tri. 


Wilbusehewitsch, in 11. S. Patent 1,029,901, of June 18, 1912, de¬ 
scribes a process of making a catalyst in which he takes, for example, 
nickel sulfate- in the form of a solution of strength of 10 to 14 (k-grees 
Baume, mixing this with about double its weight of an inorganic 
substance such as clay, asbestos, pumice stone, kie.selguhr or the like, 
from which all soluble matter has been removed by treatment with an 
acid. The mixture is then treated with carbonate of .soda to convert 
the metal salt into a carbonate.. The composition is heated to about 
500° ('. so as to transform the carbonate into the oxide. Reduction 
with hydrogen is then carried out and the product is ground with oil 
until, as the patentee states, a strongly viscous licjuid, similar in 
character to an emulsion, is prodiiced. 

An apparatus employed by Wilbuschewitsclqf Fig. 45, for the re- 

* Jour. f. prakt. Chem., 1913, 444. 
t U. S. Patent 1,029,901, June 18, 1912. 
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(luction of iiiolcc'l comi^ounds consists of a cylindrical drum b mounted 
to rotate on rollers m and ])rovidod with a healing jacket o. The 
material is (diarged into the; drum through an inlet opening n. d'o oru^ 
of the end jdates of the drum a tubular shaft c is secured which, with 
its fr(^e (md, is guided in a stuffing box k supported in a lateral stud of a 
tubular recejitade d. On the shaft a spur gear q is mounted which is 
in mesh with a jiinion qt adajited to be rotatixi by mi^ans of a belt 
pulley r. By means of the gearing (/, q the, drum b is slowly rotated, 
and during such rotation it is heated to about 500° Ck Hydrogen is 
then forci'd into the drum through a pijie a locati'd (coaxially within 
the hollow shaft c and connected at one end to a tube t. The hydrogen 
is passed through the material to b(' redu(;ed, and from the latter it 
is successively conductisl through an automatically operating dust 
colleidor 0 connected to the retort, a cooling worm / and purifying 
vessiils g, g' containing resjiectivdy acid and caustic soda lye, or a 
similar purifying rneilium. After thus being ri'giuierated it is returned 
by means of a immp h. T’he w'atc'r produced by tlu' reduction is con- 
ilensed in tli(> coil / and is dropixsl from tin^ coil / into the vessel d 
from whicii it is withdrawn through an overflow c. The dust collector 
9 by moans of whicdi the hydrogen escaping from the drum is jiri'- 
vented from carrying along jiarticlcs of dust is (^onstructi'd in th<‘ form 
of a worm convi'yor 1. TTie dust moves through the holloiv shaft c in 
tin' direction of the gas flow and owing to the differeins' in the speed 
of the gas and dust the latter is dejmsited on tin; bottom of tin; shaft c, 
and is conveyed back into the retort by the worm 1. 

A proccslure noted in connection with ('rosfields & Sons, Ltd., vs. 
Techno-CTiemical Laboratories, Ltd.,* disclosed as apparatus a cylin- 
driiml autoclave 1 m(d,er high and j meter in diameter (inside measure¬ 
ments), with a .steam jacket, and fitted with a non-conducting lining 
of unknown material. Nine kilograms of cotton oil were pumped 
into the autoclave, and 288 gram.s of a composition, containing a 
catalytic agent, W'ere used and were mixed with the oil prior to 
the introduction of the mixture into the autoclave. The autoclave 
was then filled with hydrogen from a cylinder to a pressure of 15 
atmospheres. During the operation the pressure varied from time, 
to time according to the absorption of liydrogen. A mcclianically 
driven circulation pump was connected with the autoclave both by 
its suction and delivery conduits. By m(!ans of a pump and a jet 
for spraying, a mixture of oil and composition containing the catalytic 
agent was drawn from, and forced back into, the autoclave. The 
iodine absorption was not determined. The composition containing 
British Official Journal Supplement, June 18, 1913, 301. 
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the catalytic agent was prepared from a salt of nickel. The catalyst 
employed was prepared as follows: About Ij kilograms of nickel 
sulfate wf^re dis.solved in 3 liters of water, and the same weight of 
sodium carboniite, dissolved in the same quantity of water, and at 
about 70° to 80° C. was added to the nickel .sulfate, which was at 
00° to 70° C. The mixture was stirred for TJ- to 2 hours, aird the ])re- 
cipitate was filteroil off and washed with distilled water at al)out 25° C. 
for 00 to 70 hours alternately in tanks and filter press. A small sample 
was dried and tested to ascertain that tin; precipitate had been suffi¬ 
ciently washed, 'ria* washed precipitate was dried in hot air at 80° 
to <S.j° (and was calculated to weigh 720 grams. It was then roasted 
in a pan for about 1.5 minutes over an open Hun.sen gas burner, and 
the -weight aft.cr I'oasting was calculated to be about 380 grams. The 
jiroduct was hiiated to about 300° ('.. for about 6 minutes in a current 
of hydrogen in revolving glass tubes slightly inclined, tlie precipitate 
b('iug introducc'd at. the higher end and through a spiral glass tube, 
and the hydrogen at the lower end. The ])roduct, which wc'ighed 288 
grams, was tlirectly introduced into a small quantity of oil, which was 
mixed with tlu' 9 kilos the following day. 

Catalyzers .said to possess high activity are i>ro<liic(!(l by mixing 
with oil a ba.se-rnetal compound of an easily-retlucible character and 
yielding the catalytic metal on reduction, heating and bringing a 
reducing gas under pressure into contact with this mixtun;.* 

Nickel carbonyl is emi)loyed by Franck t to form catalytic material 
by precipitation of nickel from the carbonyl in an oil menstruum in the 
pro.sence of solid material. The latter may bo kie.s(dguhr or nickel 
or copper oxides or reducible? metallic salts, d'he solid material is 
heat(!(l with the oil and nickel carbonyl conducted into the mixture. 

Eldred J does not regard a finely-divided catalyst as desirable as 
one having a catalytic metal welded to a heat-conducting support. 
He states that since the amount of such catalytic action performed 
in a given time unit in a body of gas is strictly proportionate to the 
exposed surface of catalyzing metal, it is customary to use such metals 
in finely-(iivided form, sometimes as masses of jwwdor and sometimes 
as j)ovvdors adhering to and lielil by inert porous materials, such 
as asbestos, glass wool and the like, but that those expedients while 
giving great surface to a given amount of nuital do not give a ])ro- 
portionatcly great exposure of such metal to the gases or vapors to 
be treated. It is substantially impossible to drive or distribute gases 

« Seifen. Ztg,, 191.3, 1298. 

t Seifen. Ztg., 191.3, 1271. 

t U. S. Patent 1,043,580, Nov. 5, 1912. 
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uniformly throughout a body of powder, and in passing gases over a 
body of such powder it is substantially only the top layers of the 
pow'der which (lisi)lay a maximum activity, underlaying layers not 
func’tioning to any great extcuit. Use of very thin layers of powder 
of course iKJcessitates unduly extended shelf surface. Eldred obs('rv('>s 
that nearly all (aitalyses are <‘xotliermic reactions, heat being developed 
by the action, and fretiuently the amount of heat i.s ratluT large. An<l 
as it is usually desirable to work within comparatively narrow' tc'in- 
perature limits, keeping and maintaining the catalytic metal within a 
few degr('es of some definih* t('mp(!rature, this evolution of heat may 
become a serious matt('r. N(‘arly all the catalytically acting metals 
in the form of powck'rs are rtdatively i>oor conchictors of heat. When, 
for cxamjile, ])latinum is distributed through a mas.s of .such a heat 
insulator as asbestos, it i.s very hard to prevent the accumulation of 
reaction heat in the metal. Heiua; Eldred ])roi)ose.s a catalytic body 
(^omi)rising the catalytic metal in the form of a very thin (tontinuou.s 
lay(ir or film su])port(‘d by masses of better heat-conducting metals 
weld-united to such layer or film and th(!refore in absolute metallic 
union therewith .so that by controlling the tempei-ature of the carrying 
metal ilit.^ temperature of the film or layer can also be conlrolled. A 
catalyst may be made by welding a slnath or coating of platinum on a 
billet of cop])er or st(X‘l and “ eoextending ” tlu^ joined metals to form 
wire or sheet metal. If 15 to 10 ixt ccuit of platinum be placed on the 
original bilh't and co(‘x1('nsion lx* ])erformetl with car(“, the wire, sheet 
or leaf metal formed will also have 3 to 10 per cent of ])latinum, but 
this thickne.ss in .such coextended ware will correspond to an extremely 
tenuou.s layer. Cobalt and nickel may be united to steel or copper 
billets, and th(> (luj^lex or compound billets extended in similar manner 
to produce catalysts having film coatings of cobalt or nickel. The 
cobalt or nickel may be uniUd to the underlying core metal directly 
or through a linking layer of another metal such as gold, silver or 
copper. Eldred mentions the cobalt and nickel catalyzers as useful 
in hydrogenation reactions. 

In the preiiaration of a catalytic body Ellis * recommends the use 
of wood charcoal which i)ossesses the property of absorbing or occlud¬ 
ing hydrogen and when incorporated with nickel or other metal catalyst 
serves as an activator and storehouse of hydrogen. If nickel is used, 
a ratio of one part of metal to four parts of charcoal i.s best not ex¬ 
ceeded. The metallic comi)ound may be precipitated more or less 
on the surface of the charcoal particles by wetting the latter with a 
solution of a precipitant and adding a solution of a nickel salt. Pre- 
, * U. S. Patent 1,060,673, of May 6, 1913. 
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cipitation under these conditions is largely external. Exposure of 
the composition to the air after reduction is to be avoided.* 

Muller t finds the catalytic activity of iron and nickel, especially in 
connection with processes for the introduction of hydrogen into gly- 
ceride.s of un.saturated fatty acids, is considerably augmented and 
caused to resemble in activity the (latalytic ])roperties of tbe noble 
metals, sucli as i)alladium, if the former m(d,als after ignition in hydro¬ 
gen are heat(Hl in a stream of carbonic aciil gas in order, apparently, 
to de.stroy the metal hydrides which are formed and convert the cata¬ 
lyzer into the jiure metal. Muller says the process also makes pos¬ 
sible the elimination of finely-divided catalyzer, whose production and 
ajiplication the iiatentee states is accompanieil with many difficulties, 
and its i'ei)lac.('ment by coarse fragments of metal, such as filings and 
shavings of iron, nickel and copper, first igniting the latter in hydrogen 
and them in carbonic; acid gas. He states that c.ommon iron filitigs 
caused a reduction of the iodine numb(!r of only 21 per cent in two 
hours, while using filings which had b(;en treated with carbon dioxide 
the; iodine numbcir was reducced 25 pc^r cent. 

When nickel hypo])hosi)hil,e solution is boiled, metallic; nickel is 
precii)itated, undc;r some conditions as thin metallic knaves; under 
other conditions as a fine powder. The latter form acts catalytieally 
on sodium hypophosphite in solution giving acid sodium ])hosphite 
with evolution of hydrogen. The powder form i.s obtained by dis- 
.solving 20 grains nickel sulfate in 100 cc. water, heating on a water 
bath, introducing in one addition 70 grams sodium hypophosphite 
and stirring. At the end of one hour reduction is complete. Dis¬ 
tilled water is added, the nickel material is allowed to settle and is 
washed by decantation.t Palladium prepared in a somewhat similar 
manner decomposes sodium hypoiihosphite very cfTectively.§ 

On account of the relatively low degree of sensitiveness of nickel 
oxide catalyzers to the usual catalyzer poisons Erdmann || was able to 
readily hydrogenate Japanese fish oil containing a high content of free 
fatty acid and also certain sulfur-containing oils, such as Egyptian 
cottonseed oil. 

If the hardening operation Ls interrupted before the reaction is com- 
* See also Elli.s, U. S. Patent 1,088,67.S, I'eb. 24, 1914. 

t Seifen. Ztg. (1913), 747; Frciwh Patent 540,703 (1912); British Patent 22,092, 
Sept. 2S, 1912, to Miillcr Speisefettfabrik. 

i The author has noted that this precipitated nickel material is catalytic and 
readily acts to harden cottonseaxi oil at a temperature of 210° C., or thereabouts, 
with hydrogen at atmospheric pressure. 

§ Breteau, Bull. Son. Chim. (1911), 9? 515-519. 

II Chem. Ztg., 1913, 1142, 1173 and 1195. 
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plete, and the catalyzer collected by centrifuging, extraction with 
benzol or other solvents shows the rate of removal of the residual fatty 
substances from the catalyzer to be very slow. The fat clings strongly 
to the catalytic body. On the contrary when the reaction is at an end 
the catalyzer separates in a flocculent condition. Recau.se of this, 
Erdmanii is of the opinion that the oxide and unsaturated fat form 
a loose addition compound which is subsequently split by hydrogen. 
Analysis of the blattk nickel material obtained by extra(ding the fat 
from u.sed catalyzer shows several per cent of carbon to be present, 
apparently united to th(‘ nickel as a kind of carbide. The greater 
portion of the us<h1 catalyzer consists of a mixture of nickel oxide and 
suboxide. The latter is looked upon a.s NbO, described by Bellucci 
and C'ortdli.* The hydrogen transference probably takes place in 
011(5 of two ways; either an intermediate phase represented by the 
compounds 


lie - Ni\ 

I yO and 

HC - n/ 


H • Ni- 
H-Ni 


>0 


is formed (the latter compound carrying its hydrogen very loo.scly 
bound); or a decomposition of water may take place in accordance 
with the reaction 

NbO + H 2 O = 2 NiO + H., 


yielding hydrogen in a nascent state which is assumed to unite with 
the unsaturated fat, while the nickel oxide formed is reduced to the 
suboxide by hydrogen in the molecular condition. Which of these 
views is correct can be ascertained only by further investigations. 
Hydrated nickel oxide or nickel carbonate may be used in place of the 
oxide, and under some conditions apparently also nickel salts such as 
the formate and acetate. These salts act as hydrogen carriers only 
after the acid radical has been split up and the free metallic oxide 
formed. 

The conclusion is reached by Bedford and Erdmann f that some of 
the organic salts of nickel act like nickel oxide as catalyzers and form 
in fact nickel oxide by decomposition when heated in the presence of 
hydrogen. A number of tests were carried out using nickel formate, 
acetate, oleate and linolcate. In one case 200 grams of cottonseed oil 
were heated to 253° C. with nickel formate (equivalent to 2.4 grams 

* Atti. R. Accad. del Lincci, 22 , 1, 603 and 703. 

t Jour. f. prakt. Chemie, 1913, 449. 
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NiO), and hydrogen panHC'd into the mixture. The oil (juiekly darkened 
due to the formation of finely-divided nickel and niek('l oxide. After 
one and om'-half hours the solidifying point of the fatty product wa.s 
51.2° C'. 200 grams of cottonseed oil, 0 grams of niek{'l acetate and 

20 (■('. of water were heated and hydrogen passed therethrough. The 
temperature was brought to 215 to 220 degrcHis. The acetate rf'tained its 
green color unchanged and no hardening of the oil was observed. The 
temperature was then raised to 240 to 250 degrees when th(^ mixture 
turned black and in on(' and one-half hours the solidifying point of the 
hardened oil was 49 degrees. 2.50 cc. linseed oil with 6.3 grams of 
nicki'l linoleate (equivalent to 1.2 gram NiO) was treated with hydro¬ 
gen at 2.65 degrees for thr<'e hours yielding a product having a solidi¬ 
fying point of 44.5° C. I'he catalviier at the close of the te.st consisted 
of nickel oxide' and .suboxide and nickt'l soap. Using 11.5 grams of 
nickel oleate to 200 grams of cottonseed oil it wa.s found that the black 
coloration occurred above 220 degrei-s. Hydrogenation was carried on 
at 250 d('grees and after two hours the solidifying point was 41 degrees. 
(In the glass walls of the reaction flask a brilliant mirror of metallic 
nickel formed, which in the course' of time separated in coarse flakes. 

A catalyzer which remains easily in suspension is prepared accord¬ 
ing to th(i Bremen-Besigheimer Olfabriken* by incorporating a 
metal salt with an inorganic carrier and drying this i)ro<luct in the 
presence of the umsaturated material which is subsequently to be 
hydrogemated, or for that matter with any suitalde indifforont liquid. 
The mixture is treated so as t.o expel all of the water and a part of the 
volatile acid of the .salt which otherwise might become free and act 
injuriously during the reduction process. 

By this removal of water and acid the catalyzer is put into such a 
condition that it is capable of remaining suspended in oils and fats. 
In the application of the catalyzer for the reduction of the latter a 
carrier, such as kieselguhr, asbestos and the like, is treated with a 
solution of a metallic salt, such, for example, as nickel acetate. After 
drying the material it is ground with a quantity of oil so as to yield 
the catalyzer in an extremely finely-divided condition and disseminated 
through the oil vehicle. The water and acetic acid are now removed 
by heating the mixture to 130° to 200° C. in a closed vessel fitted with 
an agitator and vacuum pump. After the volatile material has been 
removed by such a treatment, hydrogen is conducted through the 
resulting product.f 

♦ Zeitsoh. f. angow. Chem. (1913), Ref. 604. ■ u .u 

t A form of treatment of oil and catalyzer with hydrogen, as disclosed by the 
Besigheimer Olfabriken, is noted in Seifen. Ztg. (1913), 1007. 
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Higgins * states that the conversion of unsaturated fatty acids or 
their glycerides or other unsaturated compounds into the correspond¬ 
ing saturated compounds, by means of hydrogen in presence of finely- 
divided nickel or other metal, is accelerated by the presence of formic 
acid or other volatile organic acid. From 1 to 2 per cent of formic 
acid, calculated on the weight of unsaturated material, has been found 
a suitable proportion. The hydrogen may be passed through a vessel 
containing the volatile acid before admitting it to the mixture of 
unsaturated compound and metal. 

According to Wimmer and Higgins f catalytic material may be 
prepared from nickel salts, such as nickel formate, by mixing with a 
protecting material, the latter, for example, being an oily body, and 
then reducing the salt to yield the nickel in a metallic condition. The 
oil serves to preserve the catalytic properties of the reduced substance. 

Wimmer has observed that the content of free fatty acid is increased 
by hydrogenation and has offered as a remedy the addition of drying 
agents to the catalytic material. Ignited sodium or magnesium sulfate 
are recommended fur the purpose. In hardening cottonseed oil Wim- 
mer uses 3 to 10 per cent of sodium sulfate and 2 to 3 per cent of nickel 
formate calculated on the weight of the oil. He found a sample of 
peanut oil containing 0.5 per cent of fatty acid, after hardening in this 
manner, to contain 0.42 per cent of fatty acid, while without an addition 
of sodium sulfate the acid content was 0,72 per cent.J 

A flaky form of nickel catalyzer is brought forward by Hagemann 
and Baskerville § to replace nickel supported on an inert carrier. 
They observe that the application of the latter type of catalyzers 
involves a number of technical difficulties; for instance, on account 
of their finely-divided state, such catalyzers cannot be readily and 
satisfactorily separated and recovered from the fats, and, owing to 
their density, do not remain well suspended in the oil treated, when 
such suspension is desired. The use of a metal precipitated upon an 
inert carrier, such as kieselguhr, they note, has not given entirely 

* British Patent 18,282, Aug. 8, 1912. 

t French Patent 454,501, Feb. 18, 1913. When nickel formate is used, it serves 
both as reducing agent and as catalyst; with zinc formate, addition of a known 
catalyst, such as palladium chloride, is desirable. The temperature used is pref¬ 
erably almut 20° C. below that at which the formate would decompose into the 
oxalate at the pressure existing during the operation. (Higgins, British Patent 
23,377, Oct. 12, 1912.) Wimmer and Higgins (Seifen. Ztg., 1914, 7) state that the 
metal salts of organic acids may be used for the hydrogenation of various organic 
compounds of an unsaturated nature in addition to oils and fats. 

^ Seifen. Ztg., 1914, 390. 

i. ,H. S. Patent, 1,083,930, Jan. 13, 1914. 
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satisfactory results, probably for the reason that only a small part 
(one side) of the film of the precipitated metal comes into actual con¬ 
tact with the liquid to be reduced and the hydrogen, and the remainder 
of the metal is consequently inactive, since the reacting materials 
cannot come into contact therewith. Other stated objections to the 
use of such a catalyst are that the process of revivification is’quite an 
expensive undertaking, since the metal must be dissolved in an acid, 
and reprecipitated upon kieselguhr; that it is difficult to obtain a 
catalyzer by precipitation and reduction methods, which is free from 
oxides and other impurities; and that fatty oils hydrogenated with 
such finely-divided catalyzers will contain metallic soaps, such as 
soaps having a nickel base, which are undesirable from economic 
and hygienic standpoints. Hagcmann and Baskcrville observe that 
metals having catalytic activity, such as nickel, or cobalt, brought into 
a .state of extremely thin films, or flakes, by mechanical, chemical or 
galvanoplastic processes, as, for example, by the method shown by 
Edison,* offer technical advantages as catalysts in the hydrogenation 
of fatty oils. These films, or flakes, are obtainable in a state of high 
purity, and may be employed cither in the metallic (pure) state or 
after being partially oxidized. Films can readily be prepared, having 
a thickness of from one twenty-thousandth to one forty-thousandth 
of an inch, and accordingly the efficiency of a given weight of a cata¬ 
lytic metal, for example, nickel, when applied in this form, is high, 
owing to the large amount of exposed surface. Such films, or flakes, 
will, on account of their extreme thinness, readily float and remain 
evenly distributed throughout the whole mass of fats or oils.f The 
separation of the hardened products from the flaky nickel, cobalt, etc., 
is said to be accomplished without difficulty. In the revivification 
and recovery of the catalyzer for subsequent use it has been found 
that flaky metals, as nickel, etc., admit of economical treatment, for 
the flakes retain their physical form. In this revivification the flakes, 
or films, from which the fat has been removed (for example, by ex¬ 
traction with a suitable solvent) are subjected to superficial oxidation 
followed by reduction with hydrogen at, say, 300° C., or higher, in a 
current of oxygen or air, or by treatment with oxidizing agents in 
liquids in which the metallic flakes are suspended. In such a manner 
Hagemann and Baskerville state they can repeatedly produce freshly- 
reduced surfaces to both sides of the metal flakes, or films, without 

* U. S. Patent 865,688. Sec also 821,626. 

t The author has made use of a form of flaky nickel derived from nickel carbonyl 
in hydrogenating oils and has found this form of the metal to be satisfactory from 
the catalytic standpoint. 
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having recourse to conversion of the metal into a soluble salt, precipi¬ 
tating, igniting and reducing. 

Another method* of forming a catalyzer involves the utilization of 
the disintegrating effect of an electrical current or arc between a pole or 
poles of nickel immersed in a vehicle offering considerable resistance to 
the electric current, such as water, or aqueous solutions, thereby pro¬ 
ducing nickel material in a finely-divided condition, requiring little or 
no further treatment to serve as a catalyzer. For example, two elec¬ 
trodes of pure nickel in bar or rod form arc connected one to the po.sitive 
and the other to the negative pole of a source of electricity. The ends 
of the nickel rods are dij)ped in water and brought in contact, then sep¬ 
arated so as to form an arc under the water. This results in the pro¬ 
duction of nickel material usually of a brown to blackish color in a state 
of more or less fine division, some of this material often being so fine 
and flocculent as to remain suspended in water for several clays. Dis¬ 
tilled water should preferably be used though under some circumstances 
saline solutions may be employed. By the use of distilled water the in¬ 
troduction of contaminating bodies is practically or entirely avoided. 

Careful regulation of the arc is desirable in order to avoid melting 
away particles of nickel in the shape of large fragments which are not 
useful for the present purpose, although some coarse material is usually 
formed. When the product contains such heavy nickel particles it 
may be levigated and the lighter sludge separated from the heavy 
nickel residue. The sludge is evaporated to dryness when a very light 
nickel material is obtained, which may be used at once as a catalytic 
body or may first be reduced in hydrogen. Or, the wet sludge may be 
heated with oil to expel the water in order to produce a form of nickel 
which remains suspended in oil for a long period and this may be used 
as catalytic basis. In such a case it is usually well to heat to 230 to 
250° C. in the early stage of the hydrogenation treatment and after a 
time the temperature may be reduced to 200 degrees and lower. 

Boberg f prepares a catalyst by reduction with hydrogen of a metal¬ 
lic compound, such as ignited nickel carbonate, under such conditions 
that the resulting product is a complex compound of one or more sub¬ 
oxides of the metal. The preferred range of temperature during re¬ 
duction is from 230° to 270° C., the material being heated for a longer 
period the lower the temperature employed. It is stated that unneces¬ 
sarily protracted heating should be avoided as leading to a more com¬ 
plete reduction with loss of activity in the product. 

The product may be collected for immediate use in the medium in 

• Ellis, U. S. Patent 1,092,206, April 7, 1914. 

t U. S. Patent 1,093,377, April 14, 1914. 
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which it is to be used, e.g., oil, but if not required at once slow oxidation 
in the atmosphere can be allowed, provided local overheating is pre¬ 
vented (which leads to excessive oxidation) and the material ean then 
be kept without special precautions against oxidation and restored to 
full activity when required. For instance the material may be col¬ 
lected in water and then filtered therefrom and allowed to dry in the air 
or may be colleeted in an atmosphere of hydrogen, which is then slowly 
replaced by oxj'gen or air. 

In order to prepare it for use the material only retjuires to be heated 
for say one to two hours at about 180° C. in an atmo.sphcre of hydrogen 
or the catalyst may be treated with hydrogen when in suspension in a 
suitable liquid. When the catalyst is used for hardening fats or oils no 
special treatment of this kind is necessary as the catalyst acquires its 
full activity in the early stages of the procc.ss. 

The catalyst may be prepared by reducing to nickel as completely 
as possible one of the oxides of nickel and oxidizing this product with 
air or oxygen diluted with an inert gas, the proportion of oxygen being 
regulated to avoid local overheating. This oxidizing action can be 
carried out at between 300° and 600° C. 

Boberg states that he has “made experiments with various prod¬ 
uces of reduction and has obtained the following results: The prod¬ 
uct of reduction of such a composition that an ultimate analysis gives 
a proportion of nickel to oxygen corresponding to an imaginary formula 
Nis-sO, i.e., but little suboxide, produced, in a certain time, hardening 
of a liejuid fat up to a melting point of 40° C., whereas, a product corre¬ 
sponding to an imaginary formula Ni 2 (i60 gave in the same time and 
for the same material hardening corresponding to a melting point of 
58° C. It appeared, however, that with a lesser proportion of nickel in 
the product, i.e., a composition that apparently indicated the presence 
of higher oxides, the product was less active, while, at the same time, 
compounds containing even higher proportions of metallic nickel than 
that first specified above, viz., Nis. 30 ,were still less active than the latter.” 

Boron may be used as a catalyzer according to Hildesheimer.'*' If 
the material is a gas it is simply mixed with hydrogen and passed over 
the boron material; if liquid, it is mixed with boron and hydrogen is 
passed through it. When the addition of hydrogen is completed the 
boron is separated by filtration and is ready for use again. The 
catalytic action is assumed to depend upon the intermediate forma¬ 
tion of boron hydride BHa. The rate of conversion is influenced by 
the temperature and pressure as well as the amount of boron. Cotton¬ 
seed oil and other unsaturated compounds, such, for example, as ethyl- 
* Zeitsch. f. angew. Chem. (1913), Ref. 583. 
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ene, add hydrogen under these conditions. In place of boron some 
of its compounds, such as boron hydride, and metallic compounds of 
boron, such as aluminium boride, may be used. Gases containing 
hydrogen may be used in place of pure hydrogen.* 

On the large scale the manufacture of catalyzers by reduction of the 
oxide of-a metal in a current of hydrogen has been found to bring with 
it a train of difficulties. A method of reducing catalyzer in a con¬ 
tinuous manner f which simplifies the operation to a considerable 
extent is shown in Fig. 46. A charge of the material to be reduced 



is fed from the hopper and feed arrangement into a series of hori¬ 
zontal parallel conveyors 1, 2, 3 and 4 into which a current of hydrogen 
gas is introduced by the pipe 5. These conveyors connect one with 
another alternately so that the material travels in one direction through 
a given conveyor, then falls into the conveyor beneath and travels in 

* A process of hydrogenation involving the use of chloride of mercury is described 
in an Austrian patent application noted in Seifen. Ztg. (1913), 1413. According to 
the method set forth fatty acids or their glycerides are heated to a temperature 
below 180° C. with a mixture of a difficultly reducible inorganic salt of a base metal 
in company with chloride of mercury and at the same time hydrogen or other reduo- 
ing-gas mixture is passed through the oil. 

,t Ellis, U. S., Patent 1,078,541, Nov. 11, 1913. 
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an opposite direction. At the same time the material is heated to the 
proper temperature of reduction and throughout its travel is in con¬ 
tact with a counter-current of hydrogen. Thus, the more nearly 
reduced material is constantly progressing into a zone of purer hydro¬ 
gen, while the fresh raw material meets hydrogen charged with steam. 
In this manner conditions of reduction are so facilitated tha't the use 



of a great exce.ss of hydrogen to remove the steam does not become 
nec(!ssary. After the catalyzer has been reduced it may be mixed 
with oil in anotlier conveyor and be subsequently carried to a grinder 
or beating apparatus where the coarser particles arc broken down. 

Another form of catalyzer reducing chamber is shown in Fig, 47 
and consists of a closed chamber equipped with a stirrer and with a 
conveyor to remove the reduced material.* 


• Ellis, U. S. Patent 1,084,202, Jan. 13, 1914. 
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THE BASE METALS AS CATALYZERS—Continued 

Dewar and Liebmann * observe that the temperature at which the 
reduction by hydrogen of oxides or hydrates of nickel, cobalt, copper 
and iron commences can be considerably reduced and that this is 
of importance as the production of catalysts at a low temperature 
is advantageous. 

The lower temperature prevents the possibility of the new molecular aggre¬ 
gations of the finely-divided metals. It renders it possible to produce the 
catalyst and effect hydrogenation in one operation, at such a low temperature 
as prevents decomposition of the oils and fats. The method of Dewar and 
Liebmann consists in the reduction by hydrogen at a relatively low temperature 
of a mixture of the oxides or carbonates (either hydrated or anhydrous) of two 
or more catalytic metals, Ni, Co, Cu and Fe, or of a mixture of the oxides of 
one or more of those catalytic metals with palladium, platinum or silver in a 
fine state of division. A mixture of the oxides of one or more of those catalytic, 
metals along with silver oxide can also be employed. A mixture of anhydrous 
oxides may be obtained from the hydrates or nitrates or carbonates by heating. 
In practice tliey find that in preparing the anhydrous oxides from a mixture of 
nitrates, the use of a mixed aqueous solution gives on evaporation a product 
which, after heating, is particularly suitable for the reduction. 

The following examples are given by Dew'ar and Liebmann; 

(1) A solution prepared by dissolving 98.2 parts of nickel nitrate (GHjO) and 
9.3 parts of copper nitrate (GHjO) is heated and precipitated while hot with a 
slight excess of caustic soda. The mixture is then boiled and the precipitate 
collected on a filter and washed with hot water until free from soluble salts. It 
is subsequently dried on the water-bath and the drying is finally completed in 
an oven at a tempercture of about 130° C. The reduction by hydrogen is nearly 
completed after about two hours at altout 170° C. 

(2) A solution prepared by dissolving 44.6 parts of cobalt nitrate (crystals) 
and 4.65 parts of copper nitrate (crystals) is heated and precipitated with a 
slight excess of caustic soda. The mixture is then boiled and the precipitate 
collected on a filter and washed with hot water until free from soluble com¬ 
pounds, then dried on the water-bath. The reduction by hydrogen is practically 
complete after four hours at about 180° C. The reduction product contains 
10 per cent copper and 90 per cent of cobalt. 

(3) A solution prepared by dissolving 65 parts of iron nitrate (crystals) and 
4.65 parts of. copper nitrate (crystals) is heated and precipitated while hot 
with a slight excess of caustic soda. The mixture is boiled, filtered and washed 

•J. 8. C. I., 1914, 797, British Patent No. 12,981, 1913; U. 8. Patent No. 
1,2^692, June 4, 1918. See also II. S. Patent No. 1,156,068, Oct. 12, 1915 to Ellis. 
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until free from soluble compounds, then subsequently dried on the water-bath. 
The reduction by hydrogen is practically complete after two and one-half hours 
at from about 275” to 320” C. The reduction product contains 10 per cent of 
copper and 90 per cent of iron. 

(4) A solution of .218 part of platinum chloride and 49.1 parts of nickel 
nitrate (crystals) is poured into a boiling aqueous solution containjng thirty 
parts of cau.stic soda and two parts by weight of 40 per cent formalin. The 
boiling is continued for some time and the precipitate separated is collected on a 
filter, washed until free from soluble salts and dried on the water-bath. On 
being treated with hydrogen, the reduction is practically complete after four 
hours, at about 200° C. and the reduction product contains 1 per cent of plat¬ 
inum and 99 per cent nickel. Mixtures of nickel hydrate and palladium can be 
prepared in like manner. 

(5) A solution of 89.2 parts of nickel nitrate (crystals) and 3.1C parts of silver 
nitrate is poured into a warm solution of .30 parts of caustic soda and boiled. 
The precipitate is then collected on a filter, wa.shed until free from soluble 
compounds and dried on the water-bath. The reduction of this compound by 
hydrogen is practically complete in about two hours at about 200° to 210° C. 
and the reduction product contains 10 per cent of silver and 90 per cent of 
nickel. 

(0) Forty-two parts of kieselguhr are impregnated with 100 parts of a solution 
containing 12) parts of nickel nitrate (crystals) and 12) parts of copper nitrate 
(crystals). A solution of 11 parts of sodium carbonate in 100 parts of water is 
added and the whole well stirred together. The precipitate is collected on a 
filter, wa.shod thoroughly until free from soluble salts and dried on the water- 
bath. The reduction is practically complete after one hour’s treatment with 
hydrogen at about 170° (D., and the reduction product contains after treatment 
for another hour at about 180° C. 99 per cent of metallic contents. 

A metal powder catalyzer is prepared by Ellis* by reducing nickel 
hydrate suspended in heated oil through which hydrogen is passed. 
Composite catalyzers such as nickel and cobalt or copper are pre¬ 
pared in a similar manner. The nickel-copper catalyzer is useful in 
hydrogenating fish oil. It also has been found more active than nickel 
alone in hydrogenating oleic acid. 

Kayserf refers to the use in catalytic processes, of nickel com¬ 
pounds, such as the carbonate, hydrate, oxide, formate or acetate 
and notes that before these bodies become capable of transmitting 
hydrogen, they have to suffer preliminary changes, of a hitherto 
undefined nature. Such changes, he claims, do not take place at a 
temperature materially below 250 or even 275° C. Once formed, the 
catalyzers will transmit hydrogen to fatty bodies at a more moder¬ 
ate temperature. 

Excesisive heating of all but a limited quantity of fatty material may be 
avoided, in the practice of fat-hardening, by preparing a concentrated fatty 

•U. S. Patent No. ],150,068, October 12, 1915. 
t U. 8, Patent No. 1,236,446, August 14, 1917. 
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catalyzer-paste or catalyzer-cake, which is thereafter used at a lower tempera¬ 
ture for the conversion of unaaturated fatty bodies in presence of hydrogen; 
or the preliminary treatment of the catalyzer stock may he carried out at rela¬ 
tively high temperatures in another medium, such as paraffine wax, the resulting 
catalyzer licing thereafter isolated. These methods, however, are stated to be 
not without inconvenience and drawbacks. Kayser observes that these nickel 
compounds, and some others not hitherto available, can readily be converted 
into catalyzers of superior activity and longevity, and this at a temperature 
not exceeding 180° C., when the preliminary treatment is carried out in presence 
of a small quantity of certain finely-divided metals, and that fatty bodies can, 
at a moderate temperature, be conveniently saturated with hydrogen to any 
desired degree if they are submitted to the action of hydrogen in the simul¬ 
taneous presence of the usual amount of nickel compound and of a compara¬ 
tively small amount of finely-divided auxiliary catalytic metal, such as would by 
itself exercise upon the fat but very slight action, or no action whatever. 

Thus, if cottonseed oil be agitated with hydrogen at 180° O. in pre ence of 
about 2.5 per cent of commercial nickel carbonate, the mixture does not change 
color, and no hardening of the oil fakes place. If the oil be similarly rea'ed 
with gas in the sole presence of about I g. of so-called “ atomic ” copper, pre¬ 
pared by the action of zinc dust on copper sulphate solution, a like negative 
result is registered. If, however, quantities of nickel carbonate and copper metal 
be simultaneously present, the charge rapidly darkens and becomes progressively 
hardened, showing after two hours a melting-i>oint of 46° C., after three hours, 
52° C., and after four hours, 56° C. When finally freerl from suspended cata¬ 
lyzer by filtration or other mechanical me;ins, the fat w 11 ret to a white, taste¬ 
less and odorless, brittle solid. The recovered catalyzer can repeatedly be used 
in the same manner; its activity will at first be found to increase and then to 
slowly decline. Similar, but somewhat inferior, re.sults are stated to be pro¬ 
duced with nickel hydrate in place of carbonate, while the oxides and organic 
nickel salts do not readily cooperate, or entirely bail, with copper. Such organic 
compounds, as the formate, on the cxmtrary are, like the hydrate, the carbonate 
and the oxide of nickel, rapidly transformed and activated by a small quantity 
of catalytic metallic nickel, produced by dry reduction of the oxide, hydrate or 
carbonate in a current of hydrogen. Even the oxalate, otherwise quite stable, 
at 275° C. is said to be readily transformed into an efficient catalyzer. For 
example, 250 g. of cottonseed oil, agitated with hydrogen at 180° C. in presence 
of 3.5. g. of active nickel-powder, are in three hours hardened to a melting-point 
of 37° C.; in the simultaneous presence of 7 g. of nickel hydrate the charge 
rapidly turns grey and, wheh filtered after three hours running yields a white fat, 
melting at 54° C. In the same manner, cooperation of 0.6 g. nickel-powder with 
12.5 g. nickel oxalate yields in three hours a white fat, melting at 54° C. The 
reactions described may frequently be facilitated by using, instead of the pure 
nickel compound and the pure auxiliary metal, the like bodies, deposited upon 
kieselguhr or a similar indifferent support. The chemical nature and the appear¬ 
ance of the catalyzer produced by the process, varies with the auxiliary metal 
employed. Nickel is stated to yield a grey, non-metallic catalyzer, while copper 
produces a black body, developing with hydrochloric acid far less hydrogen, 
than what would correspond with the hypothetical sub-oxide NhO. 

A catalyzer used by Lubeck and Payet* is prepared b / mixing cuprous chloride 
• J. S. C. I., 1009, 830. French Patent No. 397,746, March 5, 1908. 
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with native hydrated colialt oxide and heating in vacuo to 4r>0° C. A current 
of hydrogen or of illuminating giia, previously heated to 120° C., is then passed 
over the material. By treatment with hydrochloric acid cuprous chloride is 
dissolved and a double chloride of cobalt and copper precipitated, or a mixture 
of hydrated (iobalt chloride and copper chlorides, according to the conditions 
of heating in hydrogen. The precipitate is allowed to settle on pieces of pumice 
which are afterwards dried. " 

Silicious material, known as monox or silicon monoxide, which is 
of a very light and voluminous cliaracter and is prepared in an 
electric furnace was tested in the author’s laboratory as a supportr 
ing material for nickel in the preparation of a catalyzer. 

By means of a solution of nickel nitrate the monox was .saturated with the 
nickel solul.ion and the mixture ignited until red fumes ceased to be evolved. 
The product was then ri'iluced to a fine powder and heated for one hour in a 
current of hydrogen at. a temperature of 1140° C. The reduced catalyzer was 
pixfierved under oil. The iiroiwrtions used in preparing the materials were 
10 Iurt.s by weight of nickel nitrate NifNO i-rtill/) to 8 parts of monox. 
(kittonseod oil oontaining 5 per cent of this catalyzer or approximately 1 per 
cent of the reduced nickel was heated for ;l.; hours to 174°-18()° C., while a 
continuous stream of hydrogen was passed through the oil and the melting- 
point of the hardened product which resulted was 48.2° C. 

Fresenius do.scribes a process of hydrogenating organic compounds 
such as unsaturated oils which consists in mixing the oil with pure 
powdered carbon (Kohlenpulver) heating and conducting in the 
presence of hydrogen over contact material such as porous carbon, 
metal carbides or other known contact materials. The hydrogena/- 
tion is in this manner carried to completion in a short time. Fur¬ 
thermore, this process is stated to avoid high temperatures common 
to other processes so that the fat is not injured and hence the product 
is well adapted for edible purposes. *t 

A method of preparation of a nickel-charcoal catalyzer is described 
by ElUs.J 

The charcoal may be purified by washing with dilute nitric acid and also in 
some eases with alkali so as to remove undesirable mineral matter; finally 
washing with distilled water, thereby obtaining a good, clean material. Nickel 
hydroxide, preferably freshly prepared in a state of purity is dissolved in a con¬ 
centrated ammoniacal solution and the charcoal is treated with the solution. 
Only approximately enough ammonia is used to dissolve the nickel hydrate and 
the quantity of the latter with reference to the amount of the charcoal is prefer- 

* Seifon. Ztg., 1914, 1282. 

t The use as catalyzers of such substances as iron oxide, pumice sibne, bone black, 
chareoal or copper oxide is recommended by Ellis and McElroy (U. S. Patent No. 
014,251 of March 2, 1009), in connection with the manufacture of chlorinated napb> 
thalene. 

JU. S. Patent No. 1,156,674^ October 12, 1915. 
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ably proportioned to give a i)r(>(luet having from 10 to 30 per cent of nickel. 
After tlie nickel solution and the cluirc;oal have lK*ori incorporated the material 
is dried wlicn the ammonia evaporates and the prodind, is then reduced with 
hydrogen.* t 

A catalyzer, for hydrogenating oils, described by Ittner i is pre¬ 
pared from charcoal which has deposited throughout its structure a 
small amount of certain mineral bodies, as, foi’ example, compounds 
of the earth metals or alkaline earth metals, such as alumina, or 
silicates of metals like aluminum, calcium, magnesium and cerium. 

The product is stated to po.s.se.ss onfirely different properties from ordinary 
charcoal, in so far as its esitalytie activity is concerned, althoiiRii in otiier respects 
identical with ordinary charcoal. If.tner olwervia that this superior (aitalyfie 
activity of the eliareoal treated as deserilxvl is dcveloj)ed wtien it is used us 
the jKirou.s fiody upon whieli liatalylie material, e.g., metallic nickel, active nickel 
oxide, or the like, is ileposited, and is extraordinary in ilogree. In the prepara¬ 
tion of the charcoal spruce or cedar wood may lie subjected to dry distillation in 
a retort, (iood results are obtained with both coniferous and deciduous wood. 
Active (diarcoal also may be made from other organic .snbstaneos, as, for instance, 
corn-stalks and iieat, 'I'ho atmo.sphere of the retort may be, kept under nslueed 
pressure, or the distilling o[)eration may be expedited by means of a eurrenl, 
of superlieated stenm iiassed through the retort, or a current of (carbon dioxide 
gas. It is licst not to u.se tes) liigh a l.empcraturo in making the idiareoal, but 
it should nevertheless Iki suliieienlly high to drive off volatile matter. After 
the distillation hius progressi-d until volatde products of decoiniiosilion are no 
longer given off by increased heat, the resulting charcoal is allowed to cool out 
of contact with the air. When cool, it may then be )iowd(‘red, and sal.uraf<‘(l 
with a dilute solution of an alkaline silicate; an 8 per cent solution of .sodium 
silicate may be used to advantage. The charcoal thus impregnated with silicate 
should then he heated in a closed retort, to a dull red hi^at or a temperature 
somewhat under a dull red heat. It should then be allowed to cool to atmos¬ 
pheric temperature out of contact wdth air before being removed from the retort 
and may then be treated with a .solution of, say, aluminum sulphate, alum, or 
other salt of aluminum. The 6upi)ort thus prepared may be washed with water, 
and coated or impregnated wdth catalytic metal, as for instance, niekel, or the 
active oxide. Any of the well-known methods for coating or impregnating a 
support with an active entalytie metal may l)e used. If the nickel is obtained 
by first saturating the active charcoal with a solution of nickel nitrate, and 
later igniting in the presence of the nitrate, a dilute solution of the nitrate is 
found to give the best results. A good way to prepare the catalyzer is to sat¬ 
urate the active charcoal with a solution of some nickel salt, remove the excess 
nickel solution by pressure or filtration, and then treat the active ehareoal, 
coated and impregnated with nickel solution, with an excess of a dilute solution 
of sodium carlwnate or other precipitant, whereby, Ittner states, the niekel 
becomes fixed within and upon the active charcoal in a form insoluble in water. 

♦Finely-divided nascent carbon which forms in cracking oils acts as a hydro¬ 
genating catalyst under some conditions (British Patent No. 9,728, July 3, 1915.) 

tSee also U. S. Patent No. 1.174,246, March 7, 1916 to Ellis. 

i u. S. Patent No. 1,238,774, September 4, 1917. 
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The excess sodium carbonate and other soluble salts should then be washed 
out with water, and the mass subjected to drying and to heat in a current of 
hydrogen gas to yield metallic nickel. Ittner also gives directions for making 
nickel oxide in active form, in place of the metal. A catalyzer prepared, as 
described, from charcoal rendered active by the treatment noted is asserted to be 
from ten to more than one hundred times as active in the hydrogenation of oils 
as a catalyzer which is in ail other respects the same except for the* manner in 
which the charcoal is prepared, and it is very much more active than catalyzers 
in other respects the same but which are made with the employment of kiesel- 
guhr, pumice, or other inert porous support in place of active charcoal. 

A method of forming a catalyzer described by Tamari* is as follows: 
A Riiit.ablp reagent is added to a solution of such composition that 
not only the catalyzer is precipitated, but also a difficultly soluble 
earner for the same, either simultaneously or consecutively. This 
procedure pt'rmits (1) the uniform distribution of the catalyzer in a 
finclj'-dividcd state over the carrier, (2) a ready control of the dis¬ 
tribution of the catalyzer, (3) determination of the specific gravity 
of the catalytic product by the proper choice of the amount and 
character of the carrier, so that when it is used in a liquid medium 
it will float or sink or remain in suspension, as desired, and (4) 
the removal of moisture, when necessary, by the selection of an 
absorbent carrier; calcium sulphate and alumina being mentioned 
for the purpose. 

A catalyzer adapted for use in the production of light from heavy 
hydrocarbons is recommended by Valpy and Lucas.f In its prepara^ 
tion a powdered metallic oxide or a mixture of oxides is heated with 
organic compounds of the metal. 

Suitable proportions for a catalyzer for the production of light hydrocarbons 
from heavy hydrocarbons are: Ferric oxide, 32; nickel oxide, 7.5; carbon, 5.5; 
ferrous oxalate, 40; and nickel oxalate, 15 parts. The mixture is incorporated 
with 171 per cent by weight of tar, briquetted, and sintered in an enclosed 
cruciMe to effect reduction, at a temperature below the melting-point of the 
metal. The procedure may be applied to other catalytic metals, e.g., chromium, 
cobalt, or manganese. The addition of small amounts of aluminum, cerium, 
magnesium, or other members of the alkaline earth group is an advantage in 
many cases, for example, a portion of the carbon may be replaced by powdered 
aluminum to the extent of 1.5 per cent of the total weight of the mixed powder. 
Other suitable mixtures are: (1) Ferric oxide, 35; manganese carbonate, 27; 
carbon, 3; aluminum, 5; and ferrous oxalate, .30 parts. (2) Ferric oxide, 36; 
nickel oxide, 15; aluminum, 3; iron tartrate, 30; and nickel acetate, 16 parts. 
17.5 parts of tar are used in each case. The catalytic bodies so obtained do not 
appear to lose their effectiveness after continued use; in fact in some cases an 
increase in efficiency after a short period of use Las been observed. 

* Japanese Patent No. 29,986, September 5, 1916; Chem. Abs., 1917, 629. 

t British Patent No. 5847, March 7, 1914; J. S. C. I., 1916, 784. 
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The Badische Co.* report that the hydrogenation and dehydrogen¬ 
ation of compounds containing carbon can be carried out rapidly 
and at comparatively low temperatures, by employing, as the cata¬ 
lytic agent, an intimate mixture of either iron, nickel, cobalt, or 
copper, with a high melting and difficultly reducible oxide, in par¬ 
ticular, the oxides and oxygen salts of the earth metals, including 
the rare earths, and tliose of beryllium, magnesium, manganese, 
uranium, vanadium, niobium, tantalum, chromium, boron, titanium 
and also difficultly soluble phosphates, molybdates, tungstates and 
seicnates of the alkaline earths, and of lithium, or the reduction 
products, containing oxygen, of thesi; phosphates, molybdates, 
tungstates, or sclenates, as for instance, the corresponding selenites. 
All of these compounds containing oxygen, which augment the 
activity of the catalytic agent, are tenned “ promoters.” 

The oxygen-contuiniiig salts of the alkaliiu! earths and of lithium iipi)ear to 
have the same action as the corresponding salts of aluminum, magnesium, and 
the like, although lithium oxide and the oxides of calcium, barium, and stron¬ 
tium, are thenisclvcs not. suitable for usi* as promoters. 

An intimate mixture of the catalytic, metal and a promoter is required and it 
is not sufficient, according to the Uadisclie Go., meivly to pack the components, 
tor instance, nickel and alumina, side by side, into the reaction space, nor is it 
adequate to atisorb a .solution of a salt, of the catalytic metal into a jiorous ma.ss, 
such as magnesia, and then decompose the salt, of the catalytic metal. Good 
results can be obtained liy jirecipitating the hyilroxidcs, oxides, or carbonates, of 
the components; or mixtures of salts, for instance, the nitrate.s of the com¬ 
ponents, can be heated to fusion. Further, it is stated that the mixture can be 
obtained, although not always with equal certainty and excellence, by mechan¬ 
ical operations, such as by grinding together an finely as possible, or by kneading 
in a moist state. If neces-sary the mixture is subseijucntly heated and reduced 
so that the catalytic metal (iron, nickel, cobalt, or coitpcr), is obtained in a metallic 
condition, while the imomoter always retains more or less oxygen. When the pro¬ 
moter is to consist of an insoluble oxide such, for instance, as aluminum oxide and 
titanium oxide, it is preferred to start with a soluble compound, and to precip¬ 
itate, or otherwise form the insoluble oxide on the catalytic met.al, or on the 
compound from which the catalytic metal is to be prepared. For instance, if 
aluminum acetate be employed to yield the promoter, aluminum oxide, the ace¬ 
tate can be merely heated in the presence of the catalytic metal, or a compound 
of the latter, so that the acetic acid is driven off, and the alumina remains. If 
insoluble salts, such for instance, as certain chromates, and borates, be employed 
as promoters, these are preferably brought into intimate mixture with the 
compound, which is subsequently to give rise to the metallic catalytic agent, by 
precipitation from suitable soluble salts. The salts which act as promoters may 
contain the 0 »dc, to which the promoting action is ascribed, either in the acid 
oonstituenty or in the Iwsic constituent, or in Iwth the acid and basic con¬ 
stituents. Calcium aluminate, and aluminum phosphate, are instances of com- 


• British Patent No. 2306, 1014. 
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pounds of this ohuraotor. In some cnsps, thn promoter may consist of a salt, 
of which neither the acid constituent, not the basic constituent of itself acts as 
a promoter. Calcium phospliute is an e.xamplc of this t.yi>c. 

It is particularly advantuf;eou.s for the purpose of iirodiieing a very active 
contact mass to prepare, at least the catalytic metal, from carbonaceous salts, or 
mixtures of salts; for instance from carbonates, or from formates. >Son:etimes 
the action of the catalytic mixture, it is alleged, can further be iifereased by 
adding an alkaline metal compound, for instance, caustic soda, even lrace.s of 
such bodies often having a favorable action. The introduction of bodies such 
as chlorine, sulphur, arsenic, and lead, which may, in the elementary form, act 
a,s contact poisons, is to be avoided, although these contact mixtures are claimed 
to be not so .sensitive to the action of jioisona as are the pure inidals. It is 
consequently possible to employ as a promoter, an oxygen salt which contains 
one of the poisonous elements, but in which the poisonous action is counteracted 
by the promoting influence of the oxide; for instance, basic aluminum sulphate, 
is observed to ixwse.ss a strong promoting action. The proportion of the com¬ 
ponents employed in the catalytic mixture may Ixi varied considerably, even an 
addit.ion of 1 jier cent, or leas, of the promoter is stated to produei' in most 
eases, favorable action. These eatalytie mixtures can be used for tiie hydro¬ 
genation and deliydrogenat.ion of compounds containing eurbon and are claimed 
to be of jiartieular value for the hardening of fata and fatty acids, but they can 
also be u.sed for other purposes, for instance, for converting plicnol into eyclo- 
he.xanol and for reducing nitrols'nzene to aniline, and for the conversion of oxides 
of carbon into hydrocarbons. 

Tlie u.se of mixtures containing strongly basic bodies in the hydrogenation of 
ats is undosiralile. The presence of strong bases is, in .such cases, detrimental, 
since, they tend to saiionify and very soon disapjiear from the eont.aet. mass. 

The following are examples of how eatal.vsts can lie jirepareil according to 
the foregoing, and liow they are applied in the hydrogenation of organic bodies. 
The parts are. by weight. 

1. Pour an aqueous solution of I part aluminum nitrate over 5 parts of nickel 
oxalate, evaporate the mixture and dry it and reduce it in a current of hydro¬ 
gen at from 300° to 350° C. Then introduce the eatalyser, while excluding air, 
into a vc.ssel, provided with a stirrer, the vessel containing fish oil. On treat¬ 
ment with hydrogen at, for instance, 100° C., hydrogenation takes place con¬ 
siderably more rapidly than if pure nickel were employed as the catalytic agent. 
Instead of aluminum nitrate, cerium nitrate, or ecriuiu ammonium nitrate, can 
be employed. 

2. Precipitate a hot solution containing nickel nitrate and aluminum nitrate 
with ixitassiuin carbonate, wash and dry the precipitate, heat it to 300° C., and 
reduce with hydrogen. Then iilacc the catalytic mixture with soya bean oil in 
an autoclave, while avoiding the preseriee of air, heat to 80° C. and allow hydro¬ 
gen to act at .a pressure of twenty atmospheres while mixing the constituents. 
The hydrogenation takes place very ra|)idly. If desired the pressure can be 
increased, for instance, up to fifty atmospheres, or higher, In this example, 
good results can also lie obtained if iron nitrate be employed instead of nickel nitrate. 

3. Mix 13 parts of nickel hydroxide with 2 parts of magnesium hydroxide, 
and warm gently with concentrated formic acid free from sulphur, until the 
formates are obtained. Heat the mixture cautiously until dry, and then treat 
with hydrogen at 300° C. On treating olive oil with hydrogen in the presence 
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of this caialytio mixture at say, from 80® to 100® C. hydrogenation is effected 
more rapidly than is the when pure nickel is used. In this example the 
hydroxides can. if desirt'd, ho replaced by the corresponding carbonates. Car¬ 
riers such as jiieces of clay can Ikj employed, these being soaked in a melt, or 
solution, of nickel salts, preferably of (he soluble double salts, such as nickel 
ammonium formate, or amnioniacal nickel ctirlionate, together with similar salts 
of the promoter, and then tr(‘ated as descrilied. 

4. Miiko nickel wire netting into the form of loose spherics or rolls, clean tho.so 
with pure <lilute nitric u(“id, wash and moisten them with a moderately concen¬ 
trated solution of aluminum nitrate; then dry and treat with liydrogcn at from 
300° to 350° C. The <‘ontaet maas containing alumina can, for instance, be 
employed for the hydrogenation of linseed oil which can hv- al'owcd to trickle 
over the catalytic agent while the hydrogen is supplied, 

5. Dissolve S5 parts of nickid nitrate and 15 fiarhs of titanium laidate In a 
small fpiantity of hot wafer ami jirecipifiite by means of caustic soda, or sodium 
carlionate, then filt(ir, wash, dry, and naluce with hydrogi-n at 300° 0. and add 
the catalytic mixture containing titanium oxhIc to cottonseed oil, and treat with 
hydrogen at from 100® to 120® Ck, while keeping the mixture in motion. If 
desired the redaction can be carried out und(‘r increased jiressure (for instance, 
1(H) atmosiihercs) and in this case flu; hydrogenation takes place very rafiidly, 
and eomiileti'ly, ev<‘n at a tempcTaiure of 00® C. or lower. Further, the process 
eim be made continuous by allowing the oil to How over the catalytic agent, in a 
vessed eapable of withstanding jiressure while simultaneously passing a current of 
hydrogen into, or t.hrough the apparatus. The product, is drawn olT whik; hot 
and allow<'d to solidify. 

6. Take freshly precipitated ni(;kel curlionate and add from 10 to 20 jjer cent 
of its w<Mght of ammonium or |>otassium borate, whiidi has jircviously been dis¬ 
solved in water. 'Tlien form the mass into any de.sirod shape, and dry and reduce 
it. The mixture can U; employed for hydrogenating oils and fats, either at 
ordinary pressure or under increased pressure. If ehromium oxide hv used as 
the promoter, this can bo obtained, for instance, from chromium nitrate, or from 
soluble ehromates, by preei[>itation. Further, when Niron oxide is employed 
as iho promoter, the oxide, or carbonate, of the catalytic metal may be mixed 
with solid, or dissolved, boric acid and then be heated and reduced; or the salt 
of the catalytic metal, for instance, the nitrate, can be mixed with the borate 
of the same metal, or of a volatile or non-volatile base, and the mixture is then 
calcined and reduced. 

7. Add two parts of dissolved potassium aluininate to a solution containing 
30 parts of nickel nitrate and IJ jiarts of calcium .nitrate and introduce the 
whole into a boiling solution of sodium carbonate. Then filter, wash well, dry 
and reduce. Or, add a solution of parts of magnesium nitrate to 5 parts of 
nickel carlionate, and then luld a solution of | of a part of airmionium phosphate 
and precipitate with caustic soda, or sodium carbonate, filter, wash, dry and 
reduce. The nickel catalytic agent eontuiniiig calcium aluininate, or magnesium 
phosphate, as the case may Ixi, can be employed for hydrogenation purposes, 
for instance, it may be introduced into oil which results from cracking iietroleum 
residues and which is rich in unsaturated compounds, whereupon hydrogen 
is allowed to..react at a temperature of 100® C. and at a pressure of eighty 
atmospheres. Tiie iodine number is rapidly reduced and at the same time the 
■color and unpleasant odor diminish. 
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In a Riinilar manner oilier eontaet mixture can Im* einployt'd, which eonlain 
as a promoter, for instance, calcium vana{late, Imrium chromate, aluminum 
borate, barium tungstate, or lithium phosphate, or the comjioundH which result 
on the rediK'tion of thes(‘ bodies. 

S. 'Co a hot solution of 13 jiarts of nickel nitrate and 2 parts of chromium 
nitrate, add a hot solution containing 6 parts of anhydrous sodium carbonate. 
Filter off the jiretdjiitate, wash it until the filtrate is free from alkalt, then dry 
and reduce' it. With th(^ help of this catalytic agent, soya l>ean oil can lie hydro¬ 
genized rapidly at a low terniMiralure. 

9. Sus])end 40 parts of nickel carbonate in a solution containing 1 part of 
ammonium tungstate and then add a solution of 1 part of barium nitrate, 
filler off the jiroduct, wash it well, dry and reduw it at .'100° Thf^ product 
can hv. employed, for exam])l(', for hydrogenating sasame oil at 120" C. 

10. Mi.v to a paste 50 parts of m<tkel carlninate and a solution oi 13 parks of 
calcium nitrate and tlien stir in a .solution of 7 jiarts of ammonium pho.sphate. 
Filter off (h(i procluc.t, wash well, dry and rtsluco at from 300® to 350“ C. O'ho 
pr<><lu(it can b(^ (‘inployed for hydrogenating fish oil. 

11. Stir so parts of nickel carUmale into a solution of 2.0 parts of strontium 
nitrate, and add a solution of 2 partes of ammonium selenite. Filter off the 
proiluct, wash well, dry and reduw. The product (un be used for hydrogenating 
cottonseed oil.* 

Tho (iffoot of preparation of c.atalytic nickel under different condi¬ 
tions is discussed by Crossley t who reproduces some curve i of hydro¬ 
genation derived from experiments made by Hehner, 

Xiidccl iiropared from the liyciroxide or from the nitrate throURh tho oxide at ‘i.'iO" 
gave airiiroximately tlie same results on whale oil, hut at 180° C., the nickel pre- 
pared from the nitrate was loss aoti-o. Nickel produced hy strongly heating tho 
nitrate and rediKung tiie resulting oxide was practically without effect on linseed 
oil and nickel obtained from tho sulphate through the hydroxide (probal)Iy con¬ 
taining tnutes of sulirluir) was markedly less active than carefully purified nickel from 
the hydroxide. Tho following example, from evkhmee handed into court in the case 
of Joseph Crosfield and Sons, Limited, v. Technieo-Chemical Laboratories, Limited, 
may be cited. The iodine value of an oil was decreased from 108.4 to 72.1 by treat¬ 
ment with hydrogtm in pre.senee of nickel obtained by igniting nickel carbonate at 
409° to 4.50°, and reducing the resulting oxide with hydrogen at 400° (1. A sixjei- 
mcn of the same oil had its iodine value lowered to 13.2 when treated in pre.sence of 
nickel prepared from the carbonate by roa-sting at 300° for five to six minutes, and 
reducing the re,suiting oxide with hydrogen at 300° C., for four to five minutes. 

Bosch, Mittasch and Schneider J also recommend complex com¬ 
pounds of fluorine as activators for catalytic iron, nickel, colralt or 
copper. They give the following example: Soak 100 parts of nickel 

♦ Scifon, Ztg., Ifll4, 11.33; Zeitsch. engew. Chem., Reforat,, 191.1, 220; Kerman 
Patent No. 282,7K2, December 12, 1913; Chem. Ztg. Rep., 1915, 155. Austrian 
Patent, No. 72,758, November 25, 1916. See also U. 8. Patent No. 1,271,01.3, Jul.v 2, 

1918. 

t Pharm. Soc. April 21, 1914; Pharm. J., 1914, g2, 004, 637 and 076; J. S. C. I., 1914, 
1135. 

t U. S. Patent No. 1,210,933, February 20, 1917. 
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('arb(>iiat(! in a conconlrai^d solution of H) [Mirts of sodium silico- 
lluoride, then dry and tnuit with hydroRcn at 320° Introduce 
the (‘oiitact mass thus obUiimsI into linseed oil, wliile avoiding tla; 
presciK® of air and treat witli liydrogen at a temperature of 120° (1. 
and a pressure of ten atinospht^res. The reduction, and simulta¬ 
neously tiki hardening, of the oil take place very rapitlly. 

InsU^ad of sodium silico-ftuorid(!, other sili(o-fiuorides can be em¬ 
ployed, for instance., those of aluminum, calcium, and potassium, 
or other fluorine compounds, as barium fluoride, calcium-boron 
fluoride, and potassium-titanium fluoride, can be us('d. Nickel wire 
netting can be improved catalyti('ally by soaking it first with dilute 



nitric acid and then treating it with a solution of ammonium-silico- 
fluoride, finally adding a small quantity of aluminium nitrate and 
drying and reducing. 

An apparatus employed by Kayser * for reducing metallic oxides 
with hydrogen, is shown in side elevation in Fig. 47a and in vertical 
cross-section in Fig. 476. It consists of a rotary drum supported 
by hollow trunnions, and provided with vanes for agitating the mate¬ 
rial. The latter is introduced through a manhole. A reducing gas 
is introduced tlirough one, trunnion and escapes through the other. 
Entrained matter is removed from the used gas by a trap and water 
seal. The drum is heated from beneath by gas burners mounted on 
a removable carriage. A jacket surrounds the drum forming a 
space through ’ which the products of combustion pass to the stacks 
at the top. When the charge has been reduced, the burner carriage 

*U. S. Patent No. 1,134,745, April 0, 1915. 
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is removed and steam is blown around the drum until the latter 
has cooled somewhat. Finally water is sprayed on the drum for a 
brief period and the cooled conteiits are then removed. 

Morey and Craine * describe a form of apparatus for making 
catalytic material which comprises in its main features an inclined 
tube, or conduit through which the catalytic raw material flows 
downwardly, (dther by gravity alone or by gravity assisted by a 



Fio. A7h. 


jarring or shaking at'tion, and through which the gas flows upwardly, 
the tube or conduit being heated in any suitable manner, for instance, 
by direct flame, superheated steam or electrical current. 

In Fig. 47r is shown a side elevation of this apparatus. 10 represents the 
inclined tube in which the material is subjected to the action of a reducing gas, 
and to the upper end of which the raw' matt^rial is supplied from a feed recep¬ 
tacle 11 by a flexible pipe 12. This inclined tube Is supplied with gtus from a 
gas holder 13 by means of a flexible pij)© 14 which is connected with the lower 
portion of the tube. 'The treated material is discharged from the lower end of 
the latter into a (closed recepta!)le 15 by a flexible pipe 16 without exposure to 
the atmosphere. The gjis escai)e8 from the upper end of the tube and is con¬ 
ducted by a flexible pipe 17 to a scrubbing apparatus 18 in which objectionable 

• U. S. Patent No. 1,167,916, January 11, 1916. 
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matters are separated from the gaa and from which the purified gas is returned 
to the gas holder 13, to which fresh gas is supplied as may be necessary. Circu¬ 
lation of the gas through the apparatus is mai4t4iined by a pum]> 27. The 
iiiclined tul^e or conduit is heated to a reducing tcmi)erature. When diatoma- 
ceous earth impregnated with nickel hydroxide is treated, a temperature of about 
550® F. is preferred. The treating tuf)e may be inclined at such an angle, 
usually about 42®, that the inatcrijil will flow through the tube by gravity, or 
as shown in the illustration, the tul)e may Ije inclined at a less angle and a 
jarring or shaking mechanism Ixi provided for causing the material to flow 
properly. As shown, the carrying frame for the tul)e is movably supported by a 
hinge at its lower end and rests at its upix;r end upon a rotating cam. 



To suppress the tendency of catalytic materials to heat nr take 
fire on exposure to oxygen, air or other gases containing oxygen, 
Morey * exposes the catalytic material to a partial vacuum for a 
sufficient length of time to practically remove the occluded gas which 
is absorbed by or associated with the particles of catalytic material. 

Exposure to a partial vacuum, as complete as circumstances will permit and 
maintained for a sufficient length of time, renders the catalytic substance prac¬ 
tically free from occluded gas and capable of being exposed to air without 
developing undesirable pyrophoric action. This method can be applied to the 
various catalytic metals, such as finely-divided nicke', cobalt or platinum. The 
catalytic material is placed in an air-tight vessel which is connected with a vac¬ 
uum pump. The latter can lie operated continuously or intermittently. The 
vacuum vessel may be heated. A satisfactory practice is to operate the pump 
until the . partial vacuum in the vessel has attained the limit which the pump 
can produce. The vessel is then sealed by closing a stop cook in the passage 

*U. S. Patent Pfo. 1,127,911, February 9, 1916. 
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leading to the pump. Tlie catalyzer ia allowed to remain under flits reduced 
pressure for about twelve hours, during which time the occluded gas gradually 
leaves the catalyzer and the latter liewimcs practically non-pyrophoric. If 
desired, however, the period of rest may be shortened to about three hours and 
the pump he operated again to remove as tar ns practicable the gas which has 
become liberated during the period of rest, and this second operation of the pump 
may be followed by another period of rest. An inert gas, for instance,'nitrogen, 
may be admitted to the vacuum vessel at the end of the period of rest and 
the vessel again exhausted. The gas so admitted to the vacuum vessel mingles 
with the liberated gas in the vessel and is said to facilitate, the. removal of the 
rest of the occluded or liberated gas. The desired non-pyrophoric condition 
has been produced when a samjile of the material under treatment does not heat 
when c.xposcd to the atmosphere. 

A nickel catalyst for use in hydrogenating oils is prepared by 
Morey and Craine * in the following manner: 

An insoluble nickel compound such as the hydroxide, and fuller’s earth, are 
su.5pcndcd togeither in water (after heating the fuller’s earth sufficiently to drive 
off moisture and gases from it.) and the intimately associated mixture of nickel 
hydroxide and fuller’s earth thus obtained Is dried, comminuted and reduced 
with hydrogen to form a catalyst suitable for hydrogenating oiks or fats. For 
e.xamplc, 60 parts of nickel sulphate may be used to prepare the hydroxide which 
i.s mixed with 25 parts of fuller’s eartli. 

A process of making a nickel catalyst is described by Burchenal,t 
according to which, sulphate of nickel is dissolved in water and 
sodium carbonate added to precipitate nickel carbonate, which is 
washed, dried and calcined to eliminate carbon dioxide and thereby 
form an oxide. This product is reduced to finely-divided nickel by 
heating in a current of hydrogen. To render the product non-pyro¬ 
phoric, it may be cooled in an atmosphere of hydrogen or carbon 
dioxide. The nickel is used without a carrier in the hydrogenation 
of unsaturated fatty acids or their esters. 

The protection of a pyrophoric catalyst by incorporation with 
fatty material is described by Oswald and Doering,| who consider 
hardened oil a desirable protective agent. 

The product is prepared simply by mixing any suitable catalyst of a pyrophoric 
nature, w thout access of air, with the fatty material in a melted condition, if 
the latter s solid at ordinary temperature, then permitting the whole, while 
being agitated, to cool to a point just above its meltiug-point, when the whole 
mass IS poured into any convenient receptacle for use, storage or shipment. 
Or the finely.di8tributed freshly-reduced unused metal is introduced into a vessel 
containing such fat in a liquid state and under an atmosphere of hydrogen and 
the whole permitted, while being agitated, to cool. The fat with which the 

TJ. S. Patent No. 1,232,830, July 10, 1917; J. 8. C. I., 1917. 1039. 

t U. 3. Patent No. 1,226,945, May 22, 1917. 

J U. S. Patent No. 1,187,776, June 20, 1916. 
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finely-distributed netivc metal is incorjjorated ac(s as a protcetive and shieldinj' 
agent. The quantity of fat used may vary within considerable imils, equal 
parts of the agent and fat making a satisfactory article. With ai)out equal 
amounts of readily solidifying fat and catalytic agent, this result is obtained 
and an article of desirable consistency, readily handled, and subdivided is ob¬ 
tained. It carries a substantial amount of catalyst; an amount sufficient for 
the treatnlent of many times the amount of oil or fat it contains. On placing 
it in hot oil, the fat melts and dissolves; and if it be of the same nature as the 
fat to be produced from such oil, its presence docs not change in any way the 
nature of the final product. In any event, the amount which is used with the 
agent is, relative to the amount of oil which can be treated with a given amount 
of agent, wholly insignificant. 

Colloidal nickel or other colloidal metal catalyzer may be advan¬ 
tageously scaled in hydrogenated oil.* 

The handling and shipment of catalytic material in a special 
manner is described by Sulzberger, f 

A catalyst, for instance, such as is obtained by rendering nickel silicate 
catalytically active by subjecting to reduction by means of hydrogen, after such 
reduction is immediately cooled while still in the atmosphere of the hydrogen, 
and covered with hydrogenated cottonseed oil, which will solidify to a solid mass. 
In this condition the catalyst can be kept as well as shipped to points for its use. 
The homogeneous nature of the product makes it possible to procure desired 
quantities of the nickcI-catalyst by simply weighing off amounts of the mass or 
taking pieces of certain size and bulk. The mass may contain lines or markings, 
from which the amounts of catalyst contained in pieces of certain size may he 
judged, so as to make weighing off of desired <)uantities unnecessary. 'I’he mass 
may also be formed in individual pieces (cubes, tablets, balls, etc.) containing 
definite amounts of the catalytic agent. 

Catalyzer Poisons 

Sabatier and Espil t have concluded that the effect of sulphur 
and the halogens as catalyzer poisons has been exaggerated. 

Traces of these substances do not appear sufficient to destroy the activity 
of nickel. For example t-enzene containing 0.5 per cent iodine in solution was 
completely transformed into cyclohexane. The nickel in about one-half of the 
hydrogenating tube toward the inlet side was affected but the catalyzer in the 
other half of the tube remained active. Chlorine and bromine, introduced 
as hydrochloric or hydrobromic acids or as halogenated benzol, also sulphur in 
the form of carbon bisulphide, acted in a similar manner. Moreover the nickel 
which is rendered inactive to benzol still preserves the power of carrying hydrogen ■ 
to nitrils and other aliphatic or aromatic organic compounds but is incapable of 
hydrogenating ketones or ethylene hydrocarbons. Sabatier and Espil recom¬ 
mend that nickel poisoned by chlorine be revivified by using it to hydrogenate 

♦Ellis, E. S. Patent 1,226,620, May 15, 1917; Reissue 14,429, Jan. 29, 1918. 
tU. S. Patent No. 1,223,123, April 17, 1917. 
tBuU. Boo. Chim., Vol. XV., 1914, 778, 
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nitrobenzene. After a few hours use in this manner the eatalyzer is rt^activatcd 
and will convert lienzene into cyclohexane. When poisoned by bromine or iodine 
this treatment is not effective. 

Potassium cyanide was found by Peters * to poison palladium 
catalyzer. 

A method of removing catalyzer poisons from oil, recommended 
by the author f is to treat the oil with catalyzer which has lost its 
catalytic activity. 

To this end a finely-divided spent nickel catalyzer is vigorously agitated with 
the oil at a temperature of about IHO® 0. until catalyzer poisons have been 
absorbed when the oil is filtered, fresh catalyzer added and hydrogenation is 
completed. The treatment of the oil depends ujwn the character of the catalyzer 
poisons present. Aluminum, nickel, copper, etc., and their basic compounds in a 
finely-divided state can be used. 

One of the main difficulties in the hydrogenation, by the aid of 
nickel catalyzer, of many low-grade oils, such as some of the fish 
and whale oils, is that the life of the catalyzer is relatively very 
short. Ellis and Wells | have studied the problem of treating such 
oils to adapt them to the hydrogenation process. 

Usually the activity of the catalyzer becomes much slower after two or three 
batches of oil have licon hardened and in some cases it is necessary to prepare 
fresh catalyzer for every l)atch of oil treated. On the other hand, when harden¬ 
ing a good grade of oil, such as refined, edible cottonseed oil, the life of a care¬ 
fully prepared catalyzer is likely to be very long and in some cases an entirely 
new lot of catalyzer is not required for months in the constant operation of a 
hardening plant. In these cases the catalyzer is kept in a state of high activity 
for continued usage by adding a small amount of fresh catalyzer at intervals of 
one or two weeks. It has been observed that some kinds or grades of oil may 
be hydrogenated to an incomplete degree but that they cannot be carried beyond 
this point, no matter how long the treatment is continued, without change of 
catalyzer. If to these semi-hardened oils a fresh quantity of catalyzer is added 
the hardening will usually proceed practically to complete saturation. In some 
case-s, a fresh quantity of oil may he treated with the seemingly spent catalyzer, 
when partial hardening will occur. An additional quantity of fresh catalyzer 
will sometimes carry the oil so treated, to completion, showing that the sub¬ 
stance which alTects the catalyzer is apparently taken up by it under these cir¬ 
cumstances, thus leaving the oil in condition to be readily hardened. Some oils 
which ordinarily cannot be hardened without a preliminary purifying treatment, 
may first be agitated with a spent catalyzer, the catalyzer removed and the 
oil then incorporated with a fresh quantity of catalyzer when hardening readily 
occurs. 

♦Inaugural Dissertation, Leipsic, 1913. 

t U. S. Patent No. 1,132,710, March 23, 1916. 

tJ. Ind. Eng. Chom., 1916, 886. See also U. S. Patent to Ellis, 1,247,516, Nov. 20, 
1917. 
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Cod Oil. Crude cod oil was freed from fatty acids with a solution of sodium 
carljonate and after washing free from alkali and soap was treated with hydro¬ 
gen, using 5 per cent catalyzer prepared from nickel oxide. In .several trials, 
the oil either did not harden at all, or only to .a very minor degree. Other 
forms of catalyzer were equally inedeetive. The oil was then agitated for one 
hour at 200° C. with freshly-prepared copper hydrate, filtered to remove the 
copper compound and again treated with hydrogen and catalyzer under the same 
conditions as above. The oil was readily hardened by this trcatinent. Another 
sample of the oil, refined as above, was treated with 5 per cent freshly-prepared 
silver oxide at 200° C. for one hour. The silver compound was removed by 
filtration and the clear oil hydrogenated. In a short time this oil was hardened 
to a melting-point of 4G° C. on hydrogenating under the same conditions as 
above. 

A series of teats were performed to detennine the relative v.alue of freshly- 
precipitated copper hydrate as a detoxicating agent. In one test, portions of 
cod oil were agitated with 5 per cent of freshly-prepared copper hydrate, com¬ 
mercial copper carbonate and load oxide at 180° to 200° C. for two hours. After 
filtering, these samples wore treated with hydrogen using 5 per cent nickel oxide as a 
source of catalyzer. This was reduced in oil at 250° C. for one-half hour. The 
hydrogenation operation was carried out .at 230° C. for three hours. The oil 
treated with freshly-precipitated copper h.vdrate hardened to a melting-point of 
53° to 54° C., the oil treated with copper carbonate hardened .slightly, while the 
oil tro.atod with lead oxide did not harden. 

To determine the most effective temperature for treating the oil with copper 
hydrate the following tests wore performed: Cod oil was agitated with J per 
cent of copper hydrate for one hour at room temperature, then was filtered and 
subjected to the hydrogenation process. Another portion of the oil was treated 
in a similar manner, except the temperature of treatment with copper hydrate 
was 50° C. Other portions were treated at 75° and at 110° to 120° C. The 
samples treated below 110° C. did not harden .and metallic mirrors were formed 
on the walls of the container during the treatment with hydrogen. The .sample 
which was agitated at room temperature exhibited the mo.st perfect mirror. The 
oil treated at 110° to 120° C. hardened readily without the formation of a mirror. 

The effect of refining cod oil with alkali before hydrogenation, when the 
copper hydrate treatment is used, is beneficial to the catalyzer as was shown by 
agitating crude cod oil with copper hydrate at 140° to 150° C. for one hour, 
filtering and then subjecting it to the hydrogenation process, using nickel oxide. 
The catalyzer was formed in the oil at 250° C. and hydrogenation was carried 
out at 190° to 200° C. for four hours. The oil was only slightly hardened. 

A quantity of the oil under examination was burned in oxygen in a combustion 
bomb. The contents of the bomb were washed out and examined qualitatively. 
Sulphates and a trace of iodine compounds were found to be present but no test 
was obtained for either chlorides or phosphates. Either sulphur in the sulphide 
form, or iodine could have been responsible for the poisoning action on the cat¬ 
alyzer noted. 

Manhaden Oil. Southern crude fish (menhaden) oil, wdthout refining, was sub¬ 
jected to the hydrogenation process, using nickel oxide reduced in the oil at 
250° C. and the hydrogen treatment was carried out at 200° C. for four hours. 
The oil was not hardened. Another portion of the same oil was agitated with 
cop^ hydrate M 135° to 150° C. for one hour and treated under the same con- 
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ditions as above. The oil was hardened, without difficulty, to a melting-point 
of 45° to 46° C. Another quantity of the same crude fish oil vas refined and 
then treated with copper hydrate. The treated oil was hydrogenated using a 
catalyzer which had previously been used in cod oil that had been detoxicated 
with copper hydrate. The oil hardened to a melting-point of 52° to 53° C. 
The catalyzer was apparently not affected by its previous use in cod oil which 
had been treated with copper hydrate. 

Herring oil which could not te hardened by the usual methods was refined 
to free it from fatty acids and after treating with copper hydrate for one hour 
at 110° to 120° C. was subjected to the action of hydrogen in the presence of a 
catalyzer prepared by reducing nickel oxide in the oil at 250° C. for one-half 
hour. The oil was hydrogenated at 190° to 200° C. for five hours. It hardened 
to a melting-point of 45° to 46° C. 

Dogfish Oil. This oil has proved somev/hat difficult to hydrogenate. In one 
case, a sample of the oil was agitated with copper hydrate for one hour and then 
treated with hydrogen, using a catalyzer prepared by precipitating nickel hydrate 
on a carrier and reducing at 360° C. Hydrogenation was conducted for 5! hours 
at 1S0° to 100° C. The od did not harden. The catalyzer was filtered out and 
5 per cent of a mixture of finely-divided nickcl-copper hydrate was added. A 
current of hydrogen wa.s passed through the oil, the temperature of the oil being 
held at 250° C. for one-half hour, then lowered to 190° to 200° C. and main¬ 
tained at that point for three hours. The oil hardened to a melting-point of 
45° C. 

It liis {rcnerally been afssuincd that the presence of sulphates in a 
nickel catalyzttr is prejudieial but repeated tests by the author have 
shown this not to be the case under certain conditions. If the sulphate 
is of a difficultly reducible character as, for example, sodium sulphate, 
thg nickel is practically unaffected, especially if the reduction has 
taken place at a rolativt'Iy low temperature. When a mixture of nickel 
hydrate or carbonate and sodium sulphate is reduced at a temperature 
somewhat below 2.50° (L the activity of the catalytic nickel is not 
matci’ially affcctc'd by the sulphate. Apparently sulphur in the sul¬ 
phide form is necessary in order to poison the catalyzer. Catalytic 
material containing sulphates has been employed on a commercial 
scale in this country for a considerable period of time with satisfactory 
results. 

The effect of sulphur and arsenic in hydrogen gas employed for oil hardening has 
been investigated by Hehner and reported by Crossley.* Curves of absorption 
were obtained which indicate the deleterious action of arsenic and sulphur. Un¬ 
purified hydrogen such as was obtained from a good specimen of zinc and acid 
did not iJcrmit the c.atalyzer to function as actively as in the case of pure hydrogen. 
When hydrogen was i>aased through a very dilute solution of hydrogen sulphide in 
water the effect on the catalyzer was very marked. The effect of using crude water 
gas containing about 28 per cent of hydrogen in comparison with water gas which 

* Pharm. Soc. April 21. 1914-, Pharm. J. 1914, 92 , 004, 037 and 076; J. 8 . C. I., 1914, 
11.35. 
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Carbon bisulphide: (a) 0.0005 r., 25 per cent; 0.003 r., 0 per cent. (5) 
(5) 0,003 g., GO per cent; 0.01 g., 1 per cent, (c) O.OI g,, 03 per cent; 0.06 g., 
3 per cent. Practically all of Ihc sulphur found (corresponding to about 50 per 
cent of that in the carbon bisulphide usedj was in the solid nickel as sulphide, 
with only traces in the filtrate. 

The effect of catalyzer poisons has also been studied by Moore, 
Richter and Van Arsdel.* The experiments on poisons were carried 
out in an apparatus containing oil and catalyzer, through which 
hydrogen was bubbled. A mixture of oil with 1 per cent nickel on a 
carrier was hydrogenated first for one hour to ascertain the original 
activity of the catalyzer. At the end of the hour, 2 per cent of 
the finely powdered solid substance in question was added, and the 
hydrogenation continued. Samples were then taken at intervals to 
determine the further fall of the iodine number, and the poisoning 
effect was judged by the shape of the iodine number-time curve, 
compared to one in which no poison was present. The results may 
be summarized as follows: 


Subfltaucc. Effect on Activity. 

Sulphur. Destroyed immediately 

NasS'QHjO. Gradually destroyed 

NaCl. No effect 

NajSOi. No effect 

NaNOj. . No effect 

NiCh’GHjO. No effect 

Reduced iron. No effect 


The three gases H 2 S, SO 2 and CI 2 were also tried. In each case 
the activity was destroyed immediately. A small amount of water 
vapor in the hydrogen was found gradually to destroy the activity 
of the catalyzer. 

Concerning the phenomena of catalytic jxiisons, Bancroft f remarks 
that the adsorption of reacting substances and consequently reaction 
velocity are decreased by the presence on the solid catalytic agent, of a 
film of solid, liquid, or gas. Very small amounts of grease will keep 
palladium from taking up hydrogen. Carbon monoxide may act as 
a catalytic poison by decreasing the adsorption of other substances. 
It is very tenaciously held by platinum. Reaction products may 
decrease reaction velocity by hindering diffusion of reacting substances 
to the catalytic agent and by decreasing their adsorption. 

The work .of Maxted J indicates carbon monoxide to retard the 

* J. Ind. Fng. Chem., 1917, 461. 

t J. Phys. Chem., 1917, ai, 734; Ghcm. Abs., 1918, xa, 328. 

J Trane. Faraday Soc., 1917 (advance copy); Chem. Trade J. 6z, 609-10. 
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rate of addition of hydrogen to fatty oik The inhibitive effect of 
carbon monoxide was studied from a quantitative standpoint for the 
hydrogenation of olive oil using finely-divided nickel as catalyst. 
The experiments were carried out with 10 g. of oil and 0.1 g. of 
nickel, using pure hydrogen, and hydrogen containing 0.25, 0.5, 1.0 
and 2 per cent of carbon monoxide respectively. The absorption 
was noted at five-minute intervals for one hour, at the end of which 
pure hydrogen showed 584.5 cc. absorption, hydrogen containing 
0.25 per cent carbon monoxide, 393.9 cc.; hydrogen containing 0.5 
per cent, 309.6 cc.; hydrogen containing 1.0 per cent, 235.2 cc.; 
and hydrogen containing 2 per cent, 158.8 cc. Maxted considers 
these results to show a marked poisoning influence by carbon monox¬ 
ide, an effect which was differentiated from the calculated obstruc¬ 
tive effects of the impurity. The first traces of carbon monoxide 
have relatively the greatest retarding influence on the velocity of 
hydrogenation. 

Pierron * * * § gives? a lengthy description of an ignition catalyst having the following 
properties, “ A porous or finely-divided matter or product (or mixture of 
products) constituting in some manner a support serving to prevent agglomeration 
of the second product. This matter or product or mixture of matters or products 
is termed the supporting element.” The catalytic agent employed is platinum, 
palladium or similar rare metal, supported on an oxide of silicon, aluminum, iron, 
manganese, etc. 

Hagemann and Baskerville carry out hydrogenation by means of a 
catalyzer of nickel sheet, wire or other nickel “ shapes ” having a 
coherent layer of nickel oxide closely adhering to the metal surface, f 
In using these “ oxide-tarnished ” metal shape.s, hardened fats are 
to be obtained in a remarkably clean undiscolored state, 
‘ifiworthy t states that copper or other metals as wire or sheets coated 
with nickel may be used as catalytic material. 

An organosol adapted for use as a catalyst in fat hardening is 
prepared by Karplus § as follows: 

An irreversible colloid is removed from a hydrosol by producing within the 
latter an amorphous organic precipitate which is soluble in the organic substance 
in which it is desired to produce the organosol. The precipitate is separated, 
heated to remove water, and then mixed with the organic substance, when an 
organosol of the desired colloid is obtained. 

• British Patent No. 15,414 of 1898. 

t U. S. Patent No. 1,238,137, August 28, 1917. 

t U. S. Patent No. 943,627, Deo. 14,1909. 

§ J. S. C. I., 1916, 823; British Patent No. 8,641, June 11, 1915; German Patent 
No. 293,848, November 13, 1913. 
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has passed through soda lime is shown by Hchner. The purified water gas jxTraitUd 
catalytic action to go on to Iretter advantage. 

EFFECT OF HALOGENS, HAIJ3GEN COMPOUNDS, SULPHUR, ETC., 
ON HYDROGENATION OF COTTONSEED OIL • 


catalyzer; nickel oxide (5 per cent of the weight of thf, oil) reducf.d 
IN OIL at 250° C. FOR one-half hour 


Eipt. No. 

Substance Added. 

Pur Clint 
Add<*d 

Temp., 

“C. 

Time, 

Hours 

Effect on Oil 

1 

Bromine. 

1.0 

200 

2 

No hardening 

1 (CH) 


1.0 

200 

2 


2 

Iodine. 

1.0 

200 

2 


2 (CH) 


1.0 

200 

2 


3 


0 5 

200 

25 


3 (CH) 


0.5 

200 

21 


4 

Antimony Bromide 

1 0 

200 

2 


4(CH) 


1 0 

200 

2 


5 

Sodium Chloride . 

5 0 

210 

2i 

Oil hardened 

6 

Zinc chloride. 

5 0 

210 

2.) 

Oil polymerized 

7 


1 0 

200 

25 

Slight hardening 

7 (CH) 


1 0 

200 

25 

Oil hardened 

8 


0 5 

200 

25 


9 

t Tin chloride. 

1 0 

200 

2 


10 

Sulphur. 

0.5 

200 

25 

Slight hardening 

10 (CH) 


0.5 

200 

25 

Oil hardened 

11 


1.0 

200 

2k 

No hardening 

11 (CH) 


1.0 

200 

25 

Oil hardened 

Blank 



200 

25 


12 

Sulphur . 

0.1 

210 

3| 


13 

Red phosphorus. 

1.0 

200 

2 

Slight hardening 

13 (CH) 


1.0 

200 

2 

Oil hardened 

14 


0.5 

200 

2 

Slight hardening 

14 (CH) 


0.5 

200 

2 

Oil hardened 

15 


1 0 

200 

2 


15 (CH) 


1.0 

200 

2 

Oil hardened 

16 

(AsjO.,). 

1.0 

200 

2 

No hardening 

17 

Mercury. 

1.0 

200 

2 

Slight hardening 

Blank 



200 

25 

Oil hardened 

18 

Lead stearate. 

1.0 

200 

25 

No hardening 

16 

Lead oleate. 

1.0 

200 

25 


19 (CH) 


1.0 

200 

25 



(CH) after an experiment number indicates treatment with copper hydrate 
before hydrogenation. 


Kelber t has found that nickel catalyzers made in different ways 
behave entirely differently, in reducing reactions, toward contact 

• Ellis vid Wells, J. Ind. Eng. Chem., 1916, 886. t Ber. 49. 1868. 
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poisons such as hydrocyanic acid or potassium cyanide, hydrogen 
sulphide and carbon bisulphide. 

Tho followinj; catalyzers (a) from basic nickel carlmnafe reduced at 450° in 
hydrogen (5) from l)asic nickel ciirhoniite reduced in hydrogen at 310° and (r) from 
basic nickel carbonate on inorganic carriers reduced in hydrogen at 450°, show a 
sensitivenes-s to these poisons, decreasing in the order (a), (5) and (c). This'is lielieved 
to be duo to the fact that the high temperature at which (o) is prepared changes the 
surface of the individual particles of the catalyzer so that there remain only a few 
points on these particles which arc capable of adding hydrogen and acting as a carrier 
of it, and the.se points, being more reactive than the rest of the nickel are the first to 
act on the poison, so that relatively small amounts of the latter are able to poison 
tho whole of the catalyzer. The lower temperature used in preparing (b) leaves 
more of these active spots, while in (c) the presence of the inorganic skeleton 
doubtless hinders tho change in the surface of the catalyzer. The experiments 
were carried out at room temperature under atmospheric pressure in a shaking 
aiiparutus, 0.5 g. of the metal being shaken twenty minutes with the poison in 
25 cc. water in a hydrogen atmosphere, then treated with CoHi,CH:CHCOjNa 
(0.75 g. acid and somewhat more than the calculated amount of caustic soda in 
25 cc. water) and tho absorption of hydrogen measured every five minutes. 
Below are given the per cent of its original value to which the reducing power 
of the 3 catalyzers is decreased by varying amounts of the difforont substances 
m tho fir.st fifteen minutes. Potassium cyanide: (a) 0.00005 g,, 45 per cent; 
0.0003 g., 2 per cent; (6) 0.0003 g., 55 per cent; 0.001 g., 0 per cent, (c), 
0.002 g., 25 per cent; 0.02 g., 2 tier cent. (It is not clear in the original whether 
the amounts given above represent the weights of potassium cyanide used or 
the amounts of hydrocyanic acid ecjuivalent to the salt used.) Hydrocyanic 
acid: (a) 0.0005 g., 63 per cent; 0.002 g., 1 per cent. (5), 0.001 g., 50 per cent; 
0.005 g., 0 per cent. Tra<'e.s of alkalies give entirely different values and as (o) 
could not be entirely freed of alkalies it was not used in this series. The small 
“ toxity ” of hydrocyanic acid as compared with potassium cyanide is ascribed 
to the rapid change of hydrocyanic acid in the presence of nickel and hydrogen; 
the catalyzers poisoned with hydrocyanic acid retain only traces of the poison, 
whereas with potassium cyanide, the catalyzer shows large amounts of the 
poison, although in a changed form. To test the effect of hydrocyanic acid, 
potassium cyanide and nickel cyanide on the catalyzer, (b), after saturation 
with hydrogen was .shaken in hydrogen to constancy of volume with definite 
amounts of solutions of the 3 substances, filtered and the poison determined 
in the solid and the filtrate; the filtrate was found to lie free from hydrocyanic 
acid but to be strongly alkaline and contain ammonia, probably produced by a 
catalytic reduction of hydrocyanic acid or a nickel cyanide compound, as several 
cc. of hydrogen were always used up; the solid nickel, when dissolved in sul¬ 
phuric acid and heated with alkali, gave a distillate containing ammonia; no 
amines, or only traces at most, were found in the solid or filtrate. A catalyzer 
poisoned with potassium cyanide, then filtered and washed with water, does not 
recover its activity, but this can be restored by treating once with hydrogen and 
warming with ammonia, or, best, by boiling with caustic soda. 

Hydrogen sulphide: (a) 0.001 g., 26 per cent; 0.005 g., 1 per cent. (5) 0.01 
g., 15 i)er cent; 0.02 g., 0 per cent, (c) 0.02 g., 60 per cent; 0.1 g., 0 per cent. 
The sulphur is found almost entirely as sulphide, in the solid nickel. 
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The addition of substances, refractory at the required temperature and chem¬ 
ically inactive towards the mixture, to increase the efficiency and the period of 
activity of contact masses and to avoid the possibility of a reaction between the 
catalyst and the constituents of the support of the contact material is detailed 
by Nitrogen Ges. m.b.H.* For example, in the use of a mixture of copper and 
copper oxide as the catalyst, and clay or other materials containing silicates as 
the support, the addition of aluminum oxide causes the mass to retain its activity 
for a longer period. The reaction between the copper oxide and the silicates is 
prevented and the catalyst is so finely distributed throughout the mixture that 
the agglomeration or fusion of copiier cannot take place. The mass is stated to 
irossess a high degree of porosity. 

For the reduction of oils with hydrogen under a pressure of nine 
atmospheres, an apparatus was constructed by Hamburger,t resem¬ 
bling the one described by Stuckert and Enderli.f The influence 
of temperature, pressure, divisibility of the catalyst, and kind of oil 
(impurities therein) on the hydrogenation process was investigated. 
The hydrogenation of all pure oils with finely-divided nickel, as a 
catalyst, proceeds without difficulty; the same holds true for fatty 
acids obtained from very impure oils by distillation, with steam 
vacuo. The nickel catalyst was obtained by the reduction at 
200“ to 300“ of nickel oxide, which had been previously precipitated 
on pumice stone. It appears, according to Hamburger, that tung¬ 
sten, molybdenum, thorium, uranium, zirconium, titanium, vanadium 
and manganese cannot be used as catalysts in the hydrogenation of 
oils. He states that the claims by the author § could not be con¬ 
firmed, not even when a hydrogen pressure of 200 atmospheres was 
applied.]] 

Aromatic amines are obtained I>y a process of the Badische Co.K by reduction 
of nitro compounds, with hydrogen, water gas, etc., in contact with a catalyst 
consisting of copper made by reducing at a temperature below red heat copper 
oxide prepared otherwise than pyrogenetically, together with a promoting agent; 
precipitation of copper salts by means of caustic soda is a suitable method of 
forming the oxide. According to examples, a paste of coarse pumice, copper 
oxide, zinc carbonate and water is reduced by water gas, and then a mixture of 

♦ French Patent No. 453,099, January 13, 1913; J. S. C. I., 1913, 741. 

tChem. Weekblad, 13, 2-13, 1916; Chem. Abe., 1916, 826. 

t A bomb provided with a etiircr for the intimate mixing of a liquid and gas under 
high pressure and temperature, designed to keep the liquid saturated with the gas 
as the reaction proceeds. A form of valve for reducing pressures is also described. 
(Z. Eleetrochem., 19, 570.) 

§U. 8. Patent No. 1,026,156. 

[I The obeervations of Hamburger are not in agreement with the results of other 
investigators. A number of the bodies described by Hamburger as having no cata¬ 
lytic properties have been found to serve as activators or co-catalysts in conjunction 
with nickel and the like. 

^ I^rStish Patent ^No. 5,692, April 15, 1015. 
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a nitro compound and water gas is passed over the reduced mass; a paste of 
pumice in lumps, copper hydrate, silver oxide, water-glass and water is pre¬ 
pared and is reduced by hydrogen and then a mixture of vapor of nitro com¬ 
pound and hydrogen is passed over the reduced mass; a solution of copper, 
silver and magnesium nitrates is precipitated with caustic soda, the washed 
precipitate is made into a paste with pumice in lumps, water-glass and water 
and is then reduced by hydrogen. A mixture of a nitro compound and hydro¬ 
gen is passed over the reduced mass. 

Walter (Soc. L’Oxylithe) * facilitates separation of the catalytic 
agent after the hydrogenation by employing catalysts which are 
either magnetic in themselves, or may be rendered temporarily 
magnetic after the reaction, or rest upon magnetic supports, and, 
therefore may be retained within the vessel by subjecting this to 
the action of a magnetic field when the hydrogented product is 
withdrawn. Various devices for carrying out the process are de¬ 
scribed. 

Reynolds f notes that the danger of explosion when using hydro¬ 
gen to reduce catalytic raw material is a serious menace because 
the reduction of the material being treated is usually effected in a 
drum or cylinder that is heated by a flame and the slightest defect 
in the drum would permit the escape of hydrogen into the flame 
with disastrous results. 

Instead of hydrogen, Reynolds finds ammonia may be used, or even carbon 
monoxide if rendered non-inflammable by admixture with an inert gas. Also it 
us possible to mix hydrogen with inert gas so that it is rendered non-explosive. 
This inert gas may be either carbon dioxide or nitrogen or a mixture of both, 
their proportions being immaterial so long as the percentage of reducing gas does 
not reach the explosive point. Reynolds states that even 5 per cent is non- 
explosive. He thinks that the inert gas appears to envelop the reducing gas in 
the mixture so that it is rendered non-explosive but does not combine with it 
to change its reducing quality in any degree. While ammonia may be used 
alone, it may bo also mixed with the inert gas. The preferred mixture is nitro¬ 
gen, carbon dioxide and carbon monoxide and a method of making it is to draw 
air through burning coke in a closed container; washing the resulting product 
and then conducting it into the reducing drum. The air after passing over the 
coke becomes a mixture of gases containing approximately 78 per cent nitrogen, 
20 per cent carbon dioxide, and a 2 per cent carbon monoxide. This mixture is 
stated to be efficient as a reducing agent,- is cheap to make and is non-explosive. 
The resulting catalyzer may be exposed to the atmosphere for about thirty 
minutes without detriment to its catalytic properties. 

To prepare an unsintered nickel powder by dry reduction, Ellis J 
prepares a reducible nickel salt or basic compound such as the car- 

* French Patent No. 471,108, April 18, 1914; J. S. C. I., 1915, 162; Scifen. Ztg., 
1913, .309. 

1 U. 8. Patent 1,210,367, December 26, 1916. 

fU. 8. Patent No. 1,185.075, May 30, 1916. 
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bonate, hydrate or oxide in a finely-divided condition as by pre¬ 
cipitation. 

For example, nickel nitrate is precipitated with ammonia and dr'od with some 
of the ammonium nitrate formed by the reaction presicnt in the precipitate. When 
dry the product is well washed and finely-divided nickel hydrate in a substan¬ 
tially uncontracted precipitated form is obtained. This may then be reduced 
with hydrogen under normal atmospheric pressure at the temperature of say 
200“ to 300“ C., until part of the oxygen is removed. The partially reduced 
product is then subjected to hydrogen under a pressure of alrout four or five 
atmospheres while maintaining the temperature at approximately the same point. 
By the application of the hydrogen under pressure, reduction to a product con¬ 
sisting almost solely of finely-divided metallic nickel takes place without running 
up the temperature to a point where catalytic sensitiveness is lost by contraction 
of the particles as a result of sintering or fritting due to excessive temperatures. 

In an article on catalysis by Leimdorfer * it is stated that by 
reducing a body to a fine powder thereby increasing the surface, 
new properties and new powers are acquired; as for example, by 
finely dividing metals the pyrophoric condition is obtained, t 

The separation of nickel and cobalt from aqueous solutions of their 
salts by hydrogen at high temperatures and pressures has been studied 
by Ipatiew and Zvjagm.J 

An investigation of the displacement of cobalt, from aqueous solutions of 
its sulphate, nitrate and chloride by hydrogen at high temperatures and pres¬ 
sures, shows that such similar metals as nickel and cobalt give in this way 
substances of different properties, although the general character of the phe¬ 
nomena is the same as with copper and nickel salts. § Cobalt salts show a 
number of independent reactions, which depend on critical temperatures and 
pressures and give rise to separation of basic salts, the oxide of the metal, and 
finally, the metal itself. 

The temperature of decomposition of copper nitrate has been 
determined by Rolla.lj 

A mixture of nitrogen dioxide (NO 2 ) and oxygen, obtained by the decompo¬ 
sition of lead nitrate, was led over a weighed quantity of copper oxide at tem¬ 
peratures of from 70“ to 300° C. At 250“ C. and higher temperatures, the 
copper oxide showed no gain in weight, and hence the temperature of complete 
decomposition of copper nitrate at atmospheric pressure is given as 250° C. 

The Naamloose Vennootschap Ant. Jurgens Vereenigde Fab- 

rieken regenerate metallic catalyzers by burning off the organic 

* Seifen.. Zeitung, 1014, 1345. 

tSucplso Seifen. Zeifung, 1914, 125.3, 1270, 1298, 1,323; 191.3, .30.3. 

t J. Rubs. Phys. Chem. Soc., 1912, 44. 1712-1715; J. S. C, I., 1913, 84. 

}J. 8. C. I.. 1911, 900. 

II Gai. Cbipi. Ital., 1916, 45, 1, 444-450; J. S. C. I., 1915, 796. 
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material, when the catalyzer can be used immediately or after reduc¬ 
tion in a current of hydrogen.* 

The regeneration of nickel catalysts is carried out by the Soc. Indus- 
trielle de Products Chimiquss,] by wholly or partially removing adherent 
organic matter, as by solution and then heating the residue while stirring 
with access of air. The product may be washed with water ahd again 
heated to redness. It is then ready for use as o.xide; or the oxide may be 
reduced to suboxide by heating to about 300° with about its own weight 
of oil in a current of hydrogen. A catalyst consisting of metallic nickel 
may be obtained by reducing at a low temperature the nickel oxide 
catalyst, described above or heating the original si)ent catalyst wholly 
or practically freed from organic matter, without access of air or in 
presence of a reducing agent. 

For the preparation of reduced nickel Lanef employs a circular air-tiKht pan 
provided with a vertical shaft cariyinii; two arms which are curved helically in a 
horizontal plane. The arms carry slidinf; teeth which rest on the bottom of the 
jian, and the shaft may hi' rotat'd in either direotiiin so that the material in the 
pan may be forced outwards or inwards ns desired The raw material is fed into 
the pan from a valved hopper, a reducing gas is introduced and heat is apidied till 
water ceases t,o be evolved The rotation of the shaft is then reversed, and the 
material is thereby collected biwards the centre of the pan and discharged into a 
well or seal containing oil. 

To convert finely divided metals reduced from their oxides by hydrogen, into a 
non-pyrophoric condition Edison§ employs a current of nitrogen or other iiiertgas 
to displace the hydrogen. On removal of the hydrogen in this mamirr the metal 
may bo exiiosed to the air without danger of spontaneous oxidation. 

Schwareman ] j employs a catalyzer of nickel incorixirated with precipitated 
alumina or supported on a carrier of fuller’s earth, there being pre.sent a nitrogenous 
organic colloid such as wool For example, 1 part fuller’s earth is suspended in 
h parts of a l.'j jicr cent caustic .soda solution and laiiled for one, hour. The earth 
is t hen washed, placed in 10 jiarts of water and 1 part of nickel nitrate in 3 parts of 
water is added After boiling, ‘275 parts of caustic soda and .3 parts wool dissolved 
in 2.5 parts water arc introduced. The earth and iirccijiitute is pressed, dried and 
reduced in hydrogen 

Kimural! heats a nickel salt on a carrier of asbestos or pumice, in an atmosphere 
of ammonia gas or a vaixirized ammonium compound, such as ammonium chloride. 
3'lie catalytic material .so iirepared is stated to be active at a relatively low 
temperature. 

♦ Chem. .tbs., 1914, 3350; French Patent No. 465,256, November 24,1913. 

t British Patent No. 111,S40, November 5, 1917. 

t British Patent 115,924, Juno 11, 1917; J. S. C. I., 1918, 397 A. 

5U. S. Patent 1,275,232, August 13, 1918. 

i| U. S. Patents 1,172,062, February 15, 1916; 1,280,314, Oe,tober 1, 1918, Also note 
1,111,502, iSeptemlier 22, 1914. 

II J. S. C. I., 1918, 594 A; British Patent 118,323, August 22, 1917. 
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THE BASE METALS AS CATALYZERS-Continued 

Wesson * prepares a catalyzer by first dissolving nickel nitrate in 
water and then adding ammonium hydrate, which causes nickel 
hydrate to be precipitated in the form of a voluminous, fiocculent 
precipitate. 

Care should taken to add only a sufficient quantity of ammonium hydrate 
to form ihe precipitate, as an excess will break down the hydrate of nickel 
and cause it to re-disaolve. In thus using ammonia as a precipitant, sulphates 
or chlorides which may be present in the nickel nitrate will be converted into 
sulphates or chlorides of ammonium and these are volatilized at the tempera¬ 
ture at which the nickel is subsequently reduced. This sruves as a method of 
purification, which is very desirable in order to produce an active catalyzer. 
After the precipitate of hydrate of nickel is formed, the supernatant liquid con¬ 
taining ammonium nitrate and some unprccipitated nickel salts may be de¬ 
canted off, leaving nickel hydrate and water with a small airount of ammonium 
salts dissolved in the water. This fiocculent precipitate is then mixed with the 
inert carrier to which it is to be applied, as, for instance, asbestos. The pre¬ 
cipitate and the support are then dried to expel the water and are heated at a 
temperature of say 500° C. in a current of hydrogen until the nickel has been 
reduced to a finely-divided condition, covering the a-sbestos fibers or other 
support used. The ammonium nitrate that remained in the water assists in 
this. As the support covered by the fiocculent precipitate is heated, the ammo¬ 
nium nitrate is decomposed, leaving most of the nickel hydrate around it in 
a very fine and spongy condition, in which form it is irore easily reduced by 
the hydrogen, and at the same time the operation puts it in such shape as to 
present a greater surface for contact action. 

There are stated to be substantial advantages in applying the fiocculent hy¬ 
drate of nickel to the support, insleaul of applying to the support a solution of 
a salt and afterward adding a precipitant. For in the former case the hydrate 
acts only on the surface of the support (which is the place where it is wanted) 
and is not soaked up into the infernal pores of the support, as it would be if 
the support were treated with a solution of a salt and precipitation were brought 
about afterward. 

Nickel hydrate such as used in the foregoing (Wesson) catalyzer 
is prepared according to Woodruff,f in the following manner: 

Nitrate of nickel or other nickel oxygen salt is dissolved in sufficient water to 
form a dilute solution, which should contain about 1 per cent of the crystalline 

• U. S. Patent No. 1,143,339, June 16, 1916. 
itV. 8. Patent No. 1,143,343, June 16, 1916. 
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aidt, and the solution is then brought to a temperature in the neighborhood of 
the boihng-point. Satisfactory results arc obtained at a temperature of ap¬ 
proximately 95 C. Sufficient hydroxide of ammonium to theoretically precip¬ 
itate all the nickel present is then added. In practice an ammonium hydroxide 
solution of a specific gravity of about 26° Baumfi is used. The correct amount 
of a given solution of the anmionium hydro.xide to add to the solution of the 
nickel salt may be determined by slowly adding the ammonia to a small quan¬ 
tity of the nickel solution under the above conditioms, and noting the point at 
which the precipitate commences to dissolve. A slightly smaller proportion of 
ammonia should then be added to the bulk of the nickel solution. Under these 
conditions it will be found that practically all the nickel will be precipitated in 
the form of flocculcnt nickel hydroxide. If a more concentrated nickel solution 
be employed or if precipitat.ion be brought about at a lower temperature or if 
an excess of ammonia be added, the amount of nickel throwm down will be rela¬ 
tively decrea.sed. 

After the nickel hydroxide is precipitated it may be applied to a support while 
still in the solution in which it was formed, or the supernatant liquid may be 
decanted off. By the use of a very dilute solution of the nickel salt from which 
the precipitate is formed, practically all of the impurities arc said to be removed, 
when the supernatant liquid is decanted off, whether before or after the applica¬ 
tion of the precipitate to the support, thus eliminating the necessity of washing 
the catalyzer. The prccipit.atc and the support are then dried to expel water 
and are heated to a temperature of about 500° C. in a current of hydrogen. 

In accordance with a method of the Badische Co.* a complex, 
insoluble compound containing one or more easily replaceable bases, 
e.g., an artificial silicate such as sodium aluminate-silicate (“ Per- 
mutit ”), is treated with a salt of a catalytic metal such as palladium, 
nitikol, copper, zinc, or vanadium, and the salt reduced with hydro¬ 
gen. The catalytic agents thus produced may be used for the 
hardening of oils, the hydrogenation or dehydrogenation of organic 
compounds, etc.f 

For treating carbon compounds with hydrogen in the presence of 
catalyzers the Badische Co.J: employ a contact ma.ss composed of a 
catalytic base metal in intimate contact with silica, shaped as 
desired. 

Carborundum, clay, carbon, alumina, kaolin, amorphous silica, and other sub¬ 
stances in a finely-divided condition, are capable of adsorbing colloidal metals, 
forming bodies which may be used as 'catalysts, medicinal powders, etc. The 
substance which is to serve as adsorbent may be brought into a state of sol- 
suspension in water or other suitable liquid, a solution of a metallic salt added, 
and the metal precipitated by reduction. § 

•J. S. C. L, 1915, 822. 

t See also British Patent No. 1,358, January 27, 1915; U. S. Patent No. 1,256,032, 
February 12, 1918; Chem. Abs., 1918, 1006. 

t Swiss Patent No. 72,689, June 10, 1916; Chem. Abe., 1916, 2625. 

SGes. f. Elektro-oemose G. m.b. H. German Patent No. 252,372, January 9, 1912; 
J. 8, C. I., 1912, 1201. 
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A nickel adsorption suitable for use as a catalyst is prepared by subjecting 
an aqueous suspension of silicic add to the action of an electric arc between 
nickel electrodes.* 

Richsrdson t preptircs a finely-divided catalytic metal by electrical 
disintegration, as follows: 

Two pieces of a suitable metal are submerged in ether or other fat solvent 
and an electric current is sent through the pieces which serve as electrodes, 
these being spaced apart and provided with sufficient current to produce an 
electric arc across the gap between them, and to cause part of the metal of the 
electrodes to disintegrate and become diffused in finely-divided form or in col¬ 
loidal solution or suspension in the fat solvent, forming an organosol. The 
electrodes may be nickel, copper, platinum, palladium, iron, or their alloys. 
They may be conveniently used in the form of rods and the electric current 
may be operated by a hand feed or automatic arc lamp mechanism in which 
the rods are clamped. The electric current (preferably direct) is operated at a 
voltage of from 40 to 150. The arc is allowed to continue until the desired 
amount of disintegrated or finely-divided metal has been produced in the fat 
solvent. The metal and fat solvent are then separated, as may be done by 
settling, filtering, or heating until the fat solvent has evaporated. The remain¬ 
ing disintegrated metal is a highly active catalyst, well adapted for hydrogenating 
oils. This preparation is then mixed with the mass of oil to be hydrogenated, 
in the proportion of about 1 to 3 per cent of the metal to the mixture, by 
weight. The mixing is done while hydrogen gas or gas containing hydrogen is 
introduced into the mixture, and the hydrogenating treatment is preferably 
done under heat and pressure. 

When operating under about 40 lb. pressure and with a temperature of about 
160° C., the process of hardening or solidifying of the oil or fat may be com¬ 
pleted in from one to eight hours, depending upon the ])ercentage of the finely- 
divided metal used, the kind of fat or oil being hardened, the rapidity of agita¬ 
tion, etc., and upon the degree of hardness desired.} 

Ellis § comininutcs nickel electrically by forming an arc between 
nickel electrodes under water and levigates to separate light from 
heavy nickel particles. The sludge of light material is collected and 
heated with oil to expel moisture. 

Blworthy || prepares nickel adherent to the surface of fire brick, pumice or 
asbestos fiber and the product agglutinated, to form catalytic material. 

Aluminum, glass and ceramic surfaces are coated with nickel and other 
metals by immersing the articles in the heated metal salt solution which con¬ 
tains ammonia and alkali phosphites or hypopbosphites.ll 

* British Patent No. 15,267, June 26, 1914, J. S. C. I., 1915, 803 and 1913, 842. 

tU. 8. Patent No. 1,151,045, August 24, 1915. 

I See also U. 8. Patent No. 1,176,905, March 14, 1916; No. 1,177,896, April 4, 1916; 
No. 1,257,300, No, 1,257,397, No. 1,257,5.31, February 20, 1918. 

s U. S. Patept No. 1,092,200, April 7, 1914. 

II U. 8. Patent No. 943,627, December 14. 1909., 

^ L'Aluminum Ftancais; French Patent No. 464,721, January 20, 1913; Chem. 

Abs.,i.«6. 1*76. , 
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The Oelverwertung G. m. b. H. describe a process of manufactur¬ 
ing catal}riic bodies, for use in effecting reactions in liquids and gases, 
consisting in heating (thermolyzing) a compound of a metallic nitrate 
and a soluble organic compound such as sugar. (See page 199.) 
The resulting voluminous product is reduced by hydrogen at 200“ 
to 300°, a finely-divided and highly active metal powder being 
obtained.* 

The Badische Co.f propose the treatment of fatty acids and esters 
with nickel, cobalt or iron catalyzer under a hydrogen pressure of 
at least thirty and preferably of fifty atmospheres while operating 
continuously. 

A catalyzer for oil hardening recommended by the author J is 
prepared by electrolyzing a nickel solution to form nickel in a highly 
extended condition, so that a relatively large surface is exposed 
enabling a small amount of (catalyzer to serve in hardening a large 
amount of oil. The nic^kel may be deposited independently or on a 
carbonaceous body such as finely-divided graphite or charcoal. 

A form of nickel catalyzer was prepared in the author’s laborar 
tory by decomposing silicon tetrafluoride with water which yielded a 
very voluminous form of silica. 

This material wa.s carefully wushed free from cliloridcs and sulphates and 
dried. An amount of nickel nitrate crystals equal in weight to the silica was 
dissolved in five parts of w’ater and the solution was thoroughly mixed with the 
silica. The mixture was dried and ignited until all fumes of nitrogen oxides 
were expelled. The dark powdery material was heated in a current of hydrogen 
for one hour at 327° C., cooled and preserved under oil to prevent oxidation. 
'I'liis matorial carried approximately one-sixth of its weight of nickel. To a 
quantity of cottonseed oil, an amount of this catalyzer was added to introduce 
0.7 per cent of nickel and hydrogen was passed through the oil and catalyzer 
for 21 hours at 175° C. At the end of this time the hardened fat jiroduced 
was found to have an iodine number of 29.8. 

gtjbatier and Espil§ have found nickel reduced from the oxide at 
temperatures above 350° C. is capable of hydrogenating the benzol 
ring. Frequent assertions have previously been made to the con¬ 
trary. Sabatier and Espil find that nickel reduced at 500° and main¬ 
tained for eight hours at 500° to 700° in an atmosphere of hydrogen 
is still active in this respect. When heated to 750° it would no 

•Italian Patent No. 130,394; March 13, 1913. .See also Airstrian Patent 70,930, 
Jan. 10, 1910; Chem. Abs., 1916, 1279. 

t German Patent Application No. 73,.304, Seifen. Ztg., 1915, 349. 

tU. 8. Patent No. 1,151,003, August 24, 1915. 

§ Bull. Soc. Chim., Vol. XV., 1914, 779. 
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longer act to carry hydrogen to the benzol ring although it was 
still capable of effecting the reduction of nitro bodies. 

Bacon and Nicolet * prepare a catalyzer by impregnating an inert, 
porous supporting materuil or carrier, preferably pulverulent, such 
as kieselguhr, or powdered pumice, with a precipitant for a nickel 
salt. 

Such precipitant may be any suitable hydroxide or carbonate, such as sodium 
liydroxide a.ssociated with a small quantity of a .substance which will give a bulky 
I)recipitate simultaneously with the precipitation of the nickel salt. This sup- 
idemcntal substance may be, for example, sodimn aluminatc, and the bulky 
precipitate therefrom will in such case be aluminum hydroxide. To the sup¬ 
port or carrier thus impregnated with the precipitant for nickel and the sup¬ 
plemental ])rccipitant, i.s iidded a solution of an appro[)riate soluble nickel salt, 
as, for instance, the nitrate. Thereupon, the nickel .salt is precipitated a.s nickel 
hydroxide by the sodium hydroxide or its cquivjdcnt upon and within the 
catalyst. At the same time, there is simultaneously precipitated the supple¬ 
mental bulky material by the decompoiiition of the. sodium aluminatc. This 
supplemental bulky material (in this case, aluminum hydroxide) further increases 
the surface of exposure of the catalyst. The impregnated 8up]iorf. or carrier is 
then washed to remove any injurious soluble protiucts that may be present, 
and is thereafter dried and the insoluble nickel salt reduced to catalytically 
active nickel, at a temperature which preferably should not exceed a range of 
from 350° C. to 4.50° G. tind with a duration of treatment of from one to two 
hours. If the solution of the nickel salt is absorbed by the support, and the 
product so obtained made to react with the solution of aluminatc and other 
precipitant, loss effective results arc obtained. 

As an example of the manner of carrying out the process, 100 lb. of the de¬ 
sired carrier, say pumice stone in .small fragments, is impregnated with a solu¬ 
tion containing 0.5 lb. sodium hydroxide and sodium aluminate equivalent to 
5 lb. aluminum oxide; the precipitating solution containing 165 lb. crystallised 
nickel nitrate. The product is filtered, washed to remove soluble salts, or most 
of them, and reduced for two hours, between 350° C. and 4,50° C. The catalyst 
made as described should contain about 25 irer cent nickel, and about 5 per cent 
aluminum oxide. 

Fragments of glass coated with about 1 per cent of their weight 
of reduced nickel are recommended by Wells t as catalytic material. 
The hydrogenation of the unsaturated components of light petro¬ 
leum oils has been carried out by passage of the oil vapors through 
a column of contact material composed of nickel-coated glass frag¬ 
ments about 0.5 in. in diameter. 

Sulzberger J finds the reducing power of hydrazine on metal com¬ 
pounds is increased in the presence of a metal of the platinum group, 
which may be added in the form of a sol. A nickel compound thus 

* tJ. S. Patent, No. 1,162,691, September 7, 1915. 
t U, S. Patent No. 1,179,484, April 18, 1916; J. 8. C. I., 1916, 623, 
t Canadian. Patent No. 181,447, Jan 1, 1918; Chem. Abs., 1918, 606. 
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treated produces a black iioii-pj'roplioric powder which contains nickel, 
and the metal of the platinum group is an intimate mixliu’c. 

Various methods of utilizing nickel carlx)nyl as a catalyzer in oil 
hardening are described by the author.* 

The nickel compound is brought into contact with hcafed oil with or without 
pressure to dceompose the carl>onyI and lilK*rat« finely-divided nickel. A mix¬ 
ture of nickel carbonyl and hydrogen may be passed into the oil to be hydro¬ 
genated liberating nickel in a naae.ent condition in the presence of hydrogen. 
Satisfactory results have boon secured in the authors laboratory by passing 
nickel carlionyl vapors info cottonf«*cd oil at a temperature of alxjut 200° C. 
until n sufficient amount of nickel had })cen formed to exert the desired rate of 
catalytic action. TIjc oil is then cooled to about 180® C., and hydrogen intro- 
d\jced. Hydrogenation readily takes j>la(« under these conditions even with 
only i\, or of a i)er cent of nick(d prcwuit. 

Nickkl Silicate 

Byrom f prepares a catalyst by precipitating a nickel salt from 
solution by means of an alkali silicate. 

For example, lie takes 10 li>. of nickel sulphate, pure and free from arsenic, 
and dissolves this salt in boiling water to form a saturated solution. Twenty 
pounds of a solution of sodium silicate (alkaline glassj) of 100® Twaddle arc added 
and reduced to 25® Twaddle witli lioiling water; the solution being stirred until 
the whole of the sodium silicate solution has been added. The precipitate 
thus formed is transferred to a filter and is washed with boiling water until the 
filtrate is free from sodium sulphate. The prc(;ipitate is pressed to free from 
exc(5S.s of water. The operation of filtering may be carried out by the use 
(»f u filter press and the combined nickel hydnixidc and silicic acid is thus ob- 
(ained in the form of cakes which, when dry, is jHirous and can then be ground 
to a fine powder. The product may be used direct us a catalyst, or it may be 
reduced to the metallic state by heating in a current of hydrogen at as low a 
temperature as possible until no water vapor i.s given off. A temperature of 
:i()0® C. Ls stated to be suffiinent for complete reduction. Produced as described 
the catalyst will contain about 21 ])cr cent of metallic nickel, and in use for the 
treatment of oils, and fats from ^ to 1 per cent of catalyst will be required 
calculated on the percentage of nickel it contains. 

Byrom observes that the preparation of catalysts by impregnating inert 
substances such as kieselguhr, with a solution of a metallic salt, and preripitating 
the hydroxide or carbonate on the inert substance by adding the required amount 
of a solution of the alkali hydrates, or carbonates, give products which are dif¬ 
ficult to filter and purify. In the case of impregnating kieselguhr with a solu¬ 
tion of nickel sulphate and forming nickel hydroxide by adding a solution of 
sodium hydrate, the. precipitate formed is stated to be extremely difficult to 

• U. S. Patent No. 1,138,201, May 4, 1915 and 1,154,495, September 21, 1915. 

t British Patent No. 13,3S2, 1913. 

i Sodium silicate is manufactured in two quolities known as alkaline glass and 
neutral glass. 
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purEy and filter flo as to obtain the produet free from sodium sulphate formed 
in the mother liquid. 

Hy Byrom’s method, it is pos-siblc to increase the size of the (grains in the 

procipitatc, by allowinj? the deiKBited material to stand for a few hours in the 

solution at a tenqxiraturc of 80° C. or thereabouts, as the dissolved inorganic 
salt (sodium sulphate) precipitates the gelatinous matter in the fonn of flakes, 
and for the time being prevents the formation of a colloidal solution, and, con- 
aeciuently allows rapid filtration until the precipitate is free from sulphate and 
impurities. As soon as the precipitate is free from the di.ssolvcd inorganic salt 
it commences to be diffleult to filter, as a colloidal or ]).seudo solution is formed, 
which i)aa.ses through the filter, and this is taken as an indication that the pre¬ 
cipitate is free from sulphates and impurities. Byrom has found that the 

catalyst prepared as above described after drying may be u.sed with advantage 

in the hydrogenation of oils without being reduced to the metallic state. He 
notes that the metallic hydroxide and silicic acid on being heated to a tempera¬ 
ture over 110° C. lose the property of fonning colloidal solutions, being trans- 
fonned into the crystalloids, the grains of which arc much larger, and that 
ni(!kel thus obtained in combination with the silica acts as a caf.alyst, and the 
hydrogenation proceeds with greater velocity, than with the fully-reduced cata¬ 
lyst. 

Byrom also propo.ses to use a solution containing 0 lb. of nickel sulphate and 
1 lb. of titanous sulphate and thus to produce a mixture of oxides along with the 
silica. 

The silica in combination with the metallic oxide or mel.al exerts a decolorizing 
action on the oils treated, and facilitates the separation of the catalysit from the 
treated product. 

Byrom does not indicate to what extent nickel is present a-s the silicate or 
what proportion of free oxide or metal exists in the finished material. 

Instead of supporting a catalytic metal on a carrier of lde.selguhr, 
kaolin or asbestos Sulzberger* states he has found that a much 
simpler method of finely dividing and spreading a catalytically 
efficient substance over an inert material containing silicon, silica 
or other compounds containing silicon as follows: 

An aqueous solution of a nickel salt is treated with a solution of sodium sili¬ 
cate, the precipitate filtered off, dried and subjected to a current of hydrogen, 
while being heated. A black powder is obtained. This substance is used as a 
catalyzer, in hydrogenating oils, with which it can readily be mixed, remaining 
well in suspension. It is stated that the latter effect may be due to silicic acid 
in a colloidal condition.f 

Sulzberger also recommends J borates, titanates, chromates, and 
uranates, of metals such as nickel, palladium or platinum. In 

* U. S. Patent No. 1,H3,332, June 15, 1916 and Reissue Patent No. 14,107, 
July 18. 1916. 

tJ. S. C. I., ibis, 822. 

} British Patent No. 8,130, June 1, 1916; Canadian Patent, No. 181,287, December 
.26, *1917;; Chem. Abs;, 1918, 605.- 
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most cases the catalysts are formed by reduction. E.g., a solution 
of nickel chloride is treated with sodium silicate to precipitate nickel 
silicate, which is reduced in hydrogen at a low temperature to give a 
nickel catalyst. If a small amount of a palladium salt is added to 
the solution of nickel chloride, the resulting catalyst is rendered 
more active. These catalysts may be used in the hydrogenation of 
cottonseed oil. 

The'regeneration of a spent nickel silicate catalyzer of the type 
described above is carried out by Sulzberger* as follows; 

The catalyst is largely separated from the oil or other substance which has 
been hydrogenated and the residue of the latter is removed by extraction or 
calcination. The catalyzer is then treated with the minimum requisite propor¬ 
tion of caustic soda to dissolve the silica (or boric acid, if nickel borate has been 
used) yielding the alkali salt. This solution is aei)arated from the residual matter 
containing nickel and the latter is dissolved in an acid, nitric acid being recom¬ 
mended for the purpose. The acid and alkali solutions are mixed and nickel 
silicate is again formed. The precipitate is washed to free from soluble salts 
and is then reduced in an atmosphere of hydrogen gas. Other metal com¬ 
pounds including those of copper, titanium and uranium silicate or borate are 
stated to be capable of regeneration in a similar manner. 

The use of non-abrasive silica in conjunction with nickel and with or without 
palladium is proposed by Ellis.f The silica may be prejjared by passing silicon 
tetrafluoride into water, collecting and drying the precipitated silicious material 
and incorporating with a nickel salt or palladium compound. 

Nickel Bohate 

Schoenfeld J observes that oil hardening with the organic salts of 
nickel such as nickel formate and acetate is a special case of hydro¬ 
genation by means of metallic nickel, as these organic salts at the 
high temperature employed and under the influence of hydrogen are 
reduced to the metallic state when catalytic action becomes manifest. 
Schoenfeld has investigated the catalytic properties of an inorganic 
salt of nickel, namely, nickel borate, and advises that this compound 
is active as hydrogen carrier for oils and that it does not become 
reduced during the hydrogenation treatment. 

The nickel borate which Schoenfeld used was obtained from Kahlbaum. The 
salt was of a greenish color, insoluble in water, but soluble in acetic acid and 
dilute mineral acids. On heating strongly the color changed to a greenish- 
yellow. In order to improve the catalytic activity Schoenfeld found it advan¬ 
tageous to heat the borate at 300° C. in an atmosphere of hydrogen. By this 

♦ U. S. Patent No. 1,199,032, September 19. 1916. 
tu. S. Patent No. 1,266,782, May 21, 1918. 
t Siefen. Ztg., 1914, 94S. 
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treatment a large part of the water of crystallization was lost but otherwise 
apparently no chemical change took place in the borate. Schoenfeld notes that 
the removal of the water is of importance in connection with the oil hardening 
for if the water-containing salt is applied directly, a greater part of the water 
is lost during hydrogenation and because of this change the catalyzer forms lumps 
which do not distribute well through (he oil. Furthermore a higher temperature 
is required when water-containing borate is directly employed as a catalyzer. 
To remove the water Schoenfeld heated the borate in hydrogen for one-half hour at 
300° C. in an electrically-heated gla.ss tube. The product so obtained was of a 
dark grey color. After such heating analysis showed the following composition: 

NiO. 44 73% 

BaO,. 42.01% 

Calculated for NiBj 04 TIjO. 

NiO . 45.9% 

BA. 43 0% 

These results, therefore, indicate the compound to be nickel metaboratc con¬ 
taining 1 molecule of water of crystallization. The remaining water of ery.s- 
tnllization may be removed by protracted heating at 300°. For technical ai>))li- 
cation it is not necessary, however, to remove all the water, as the activity of 
the catalyzer is not incmased by such protracted heat treatment. 

The catalytic activity of the comjiound was determined in the following simple 
manner: 

One hundred to 200 g. of the oil with 1 per eent of the nickel borate were 
placed in a flask of about 5 liter capacity and were heated to 100° to 180° C. 
while hydrogen was pa.saed through the oil. After the hydrogen was introduced 
in this manner for a short time the eontents of the flask acquired a greyish color 
as the result of the fine distiibution of the catalyzer in the oil. Hydrogen was 
applied for 2^ to three hours and the oil then filtered through pafjer. The 
residue of the ca alyzer was extracted with ether and benzene until supposedly 
free from oil, but on treatment with dilute mineral acids, oily drops separated. 
It was, therefore, concluded that during the hardening some of the free fatty 
acid present in the oil combined with nickel, forming a metallic soap with liber¬ 
ation of boric acid. To ascertain if this were the case 5 g. of the used cataly. er 
were dissolved in dilute, hydrochloric acid and the oil which separated was 
extracted with ether and purified. The oil obtained was yellowish in color and 
contained about 50 per cent of free fatty acid corresponding to an acid number 
of 98, The acid number of the original oil was 0.3. After the hardening opera¬ 
tion the nickel borate was found to contain less boric acid than corresponded 
to the original formula. 


Analysis of Nickel Borate Used for Hardeninq 




NiO 

BaOl 

1. 

Used once. 

. 42.07 

28.3 

2. 

Used twice. 

. 44.3 

33.84 

3. 

(o) Used once. 

. 43 5 

34.9 


(5). Used twice. 

. 43.88 

33.5 


ic) Used three times. 

. 45.5 

29.42 


In investigation (3) an endeavor was made, by careful drying of the hydrogen 
to red»M the formation of fatty acid to a minimum. The same mass of cata- 
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lyzer was used four to six times for hardening without any diminution of its 
activity. From the following oKservations Sehoenfeld concluded that catalysis 
was due to nickel borate alone and not to the small amount of nickel soap pres¬ 
ent for the reason that (1) the teini)emiur(! of 1(»0® to 180® was regarded as 
insufficient to cause nickel soap to become nclive; (2) the amount of the latter 
was too slight to effect any considerable cluingt*, and (3) if tlie nickel soap were 
responsible for hydrogen addition the activity of the nickel borattf catalyzer 
would increase with repeated use as a result of the increase in the amount of 
nickel soap. Sehoenfeld found that as the content of nickel borate is reduced 
the activity of the catalyzer correspondingly diminishes. Various oils were 
treated with the borate catalyzer, including cottonseed, ra})e, linseed, soya bean 
and whale oil, and satisfactorily hardened products obtained. In one experi¬ 
ment made liy »SclioonfeId 200 g. of cottonseed oil were mixed with 2 g. of nickel 
borate add hciatod for thn'C hours at ItiO to 170® in a stream of hydrogen. The 
solidifying point of the hardened oil was 38® C. Hy longer action of the hydrogen 
a solidifying point of 47° was oblaineil. The appliwitioa of jiri'ssures of one-liulf 
to one atrnosi)h(*ro somewhat irnpmved the* reaidion so tfiat in two hours linseed oil, 
for exam])I(‘, was converted into a fat of the eonsistiMicy of tallow with a solidify- 
ing-])oint of 3(8®. 'Die hardened oils wliich Sehoenfeld prc'pared by nutans of 
nick(‘l borat(‘ possessed a pure white color and the acid numb<.T was not. in<*r(‘asod 
by th(‘ hardi’iiing IreatnH'nt. »Sch<)(‘nfeld ri'gurds nickel borate esfHaually desirable 
as a catalyzer because it a]>pears tliat the ordinary (catalyzer poisons such as sulpliur 
do not effect IIks aidivity of the borate. Schoenh'ld in fact added sulphur to 
cottonseed oil and claims no detriment-al effect was incurred IhenOiy. lie sum¬ 
marizes the udvantag(!S of using nickel borate, as follows: The hardiming occurs 
at a relatively low ternfiorature (KKJ® to 180° and in most cases between 100° 
to 170°). The apiilication of gas under pressure is not necessary, and tlic 
hydrogenation can lie <iurricd out in very simple apparatus. The lack of sensi¬ 
tiveness to catalyzer ])oisons and the ability to use the nickel borate repeatedly 
also are advantages. 

Erdmann and Rack * carried out various tests with nickel borate 
which lead them to regard Schoenfold’s conclusions as unreliable. 

It, was noted tliiit Sehoenfeld used Kahlbauni’s nickel horate containing slightly 
more nickel tliiin (corresponded to the formula Ni 0 *B 203 on linseed oil and also 
on the easiest of all fatty oils to harden, i.e., refined cotton oil. 

No hydrogenating action was observed with either hydrated or anhydrous 
nickel borate at a temperature of 175' C. Green nickel borate was heated for 
one-half hour at 330° to 340° C., in a stream of nitrogen. Four grams of this 
borate material was introduced into 400 g. of cotton oil which previously had 
been heated to 100° C. The temperature vras raised to 175° C. and a stream 
of hydrogen at the rate of 20 liters per minute was passed through the oil for 
three hours. No hardening occurred. Linseed oil gave the same results. 

Green nickel borate was heated in hydrogen at 300° to 305° C. for one-half 
hour, and during this treatment the color of the material changed from yellowish 
brown to grey. An aqueous solution of phosphomolybdic acid was colored blue 
on standing with some of the grey product. Cotton oil treated for 9^ hours 


♦ Seilen. Ztg., 1916, 3. 
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with this hydrogen treated material hydrogenated only slightly indicating very 
weak hydrogenating power. 

A quantity of the borate was exposed to hydrogen at a temperature of 340° 
and a dark grey product obtained. Under the same conditions except in an 
atmosphere of nitrogen a yellowish brown material resulted. While the latter 
material was neither magnetic nor reactive with phosphomolybdic acid, the dark 
grey prodlict was attracted by a magnet and colored phosphomolybdic acid 
strongly blue. Some of the grey product was pressed to form a block and a 
current of electricity at 80 volts used to test its electrical conductivity. No 
passage of the current could be detected when employing a sensitive inilliamperc 
meter, from which Erdmann concluded that no metallic nickel, but nickel sub¬ 
oxide, was present. On treatment with dilute mineral acid hydrogen was evolved 
in an amount corre.sponding to 7.4 per cent nickel suboxide (Ni»0). 

Four grama of the dark grey product were mixed with 400 g. of edible cotton 
oil and on heating to 175° to 180° C., a hydrogen stream (20 liters per minute) 
was passed through the oil for three hours when the solidifying jioint of the 
latter was found to be 31.8° C. The catalyzer distribulcd well thremgh the oil 
in the manner characteristic of nickel suboxide and due, it is stated, to the 
formation of an organosol. The recovered catalytic agent did not exhibit any 
electrical conductivity. 

Fire hundred grama of cotton oil were heated to 125° C., 15 g. green nickel 
borate were added and the temperature was then raised to 260°. A stream of 
hydrogen was passed through the oil for five hours, and the oil was found to 
be hydrogenated to a solidifying point of 31.8°. 

As is known, boric acid is a very weak acid body and the salts of mono- and 
tri-basic boric acid arc, therefore, very unstable. Salts of the nature of borax 
derived from tetra boric acid are more stable. On heating nickel borate 
NiO-BjOj to 300° it is likely that nickel oxide and tetra borate form according 
to the equation 2NiB20(=NiB,0-l-Ni0. 

By treatment with hydrogen for one-half hour at 300° or even at 340° C., 
nickel suboxide, not metallic nickel is stated to be formed. While pure nickel 
oxide is readily reduced to the metallic state by hydrogen at 300° C., this is 
hold not to occur in the presence of boric acid, which acts to retard reduction. 
This acid belongs to a class of bodies which so hold back the reducing reaction 
that either resort must be had to higher temperatures to secure the metal, or 
the intermediate suboxide phase obtains according to circumstances. 

Summary. 1. Neither hydrated nor anhydrous nickel borate has proven 
active as a fat-hardening catalyst at a temperature of 175° C. 

2. By heating nickel borate in hydrogen at 300° to 340° C., a partial reduc¬ 
tion to the suboxide of the nickel oxide present in the borate, occurs. Due to 
the presence of the suboxide, the material subdivides in fatty oils and acts cata- 
lytically at 175° although less effectively than pure nickel suboxide. 

3. If a fatty oil is heated with green nickel borate to 260° C., and treated 
with hydrogen, decomposition occurs with formation of nickel oxide and sub¬ 
oxide and these products act as hydrogen carriers in the same manner as the 
decomposition products of organic nickel salts such as nickel acetate have been 
observed to function. • It is claimed by Erdmann and Rack that Schoenfeld is in 
error in aedibing the hydrogenation of fats when using nickel formate, acetate, 

' Joum. prakt Chem. (N. F.), 87, 449, and 452. 
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etc., to the agency of metallic nickel, as nickel oxides are considered responsible 
for the reaction. 

4. No advantages over nickel oxide have l)een found in nickel borate. The 
low temperature of hardening observed with the latter is merely a consequence 
of the prior formation of nickel suboxide. The property of the latter to act '',s a 
hydrogen carrier at a temperature below 200° C., was already known. The 
advantages ascribed to nickel borate by Schoenfcld, namely, that no hydrogen 
pressure above atmospheric is required hence the hydrogenation process may be 
carried out in very simple apparatus, the slight degree of sensibility to catalyzer 
poisons, the case of separation of the hardened prodintt from the catalyzer, the 
ability to use the catalyzer repeatedly, are all features of value a])plii'ablc to the 
nickel oxide process as pointed out in German PaUmt No. 2()(>,438 and elsewhere. 
Nickel borate possesses the practical disadvantage that it affords nickel oxide 
loaded with material of no value in the hardening process. 

Nickel Borate. Normann * refers to hydrogenation by mean.s of organic nickel 
salts such as the formate, acetate, stearate and olcute us only a special case of 
usage of metallic nickel as a catalyzer as fonnalion of the metal always occurs 
before hardening takes place.t In fact the Iil)eration of organic acids in a state 
of purity is secured in many cases by passing hydrogen into the corresponding 
salt of nickel t affording a technical process for the })rcparation of pure concen¬ 
trated organic acids. It also is known that inorgjinic salts of nickel can be 
reduced by hydrogen to the metallic state § and that catalyzers have been pre¬ 
pared by the reduction of inorganic nickel salts.|| 

It is to be expected that nickel borate would be broken down to a greater 
or less degree into metallic nickel and frt*e boric acid on heating in a stream 
of hydrogen. This decomposition actually occurs, but when reduction takes 
place below 300° but very little boron trioxidc volatilizes. 

On heating nickel borate in an electric furnace at 300° in a current of air, 
some boric acid sublimes and the borate turns to a deeper shade of green. 
Water hydrolyzes the borate, forming free boric acid and nickel hydroxide. 

Nickel borate was heated in a current of hydrogen for one-half to three- 
quarters of an hour at temperatures ranging from 300° to 400° C. The product 
reduced at 300° was used to hydrogenate cottonseed oil and in three hours treat¬ 
ment at 170° to 180° C. the iodine number was reduced from 108 to 104.5. 

By reduction of the borate at 350° an iodine number of 101.4 was obtained 
under otherwise similar conditions. The borata reduced at 400° was consider¬ 
ably darker in color, and cotton oil treated with it exhibited an iodine number of 
47.7. No hydrogenation of the oil was perceptible when using nickel borate 
without previous reduction. 

In order to show the presence of free metallic nickel in this borate catalyzer 
the carbon monoxide method ^ was applied. It was found that free boric acid 
prevented the reaction between carbon monoxide and nickel. Accordingly the 
reduced and cooled lx)rate was introduced into water (in an atmosphere of car¬ 
bon dioxide to prevent contact with oxy^n), the mixture warmed on the water- 

* Seifen. Ztg., 1915, 46-47. 

t Meigen and Bartels, Journ. prakt. Chem., 1914, 89, 290. 

t German Patent No. 217,846. 

SGmelin Kraut V, 1, 23, 1909. 

II Joum. of Gas Light, 1, 7, 13, page 31. 

^ Chem. Ztg., 1915, No. 6 and No. 7/8, 
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bath and filtered in such a manner as to avoid contact with air. The precip¬ 
itate, thus freed of boric acid, was dried in hydrogen below 100° C., and after 
drying was exposed to carbon monoxide. The gaseous products of reaction were 
passed through a heated tube of glass and the rate of formation of a nickel 
mirror noted. The borate reduced at 300° and 350° quickly yielded a slight 
but distinct nickel mirror while the product reduced at 400° formed a heavy 
mirror. Tliis is considered proof of the presence of metallic nickel in the reduced 
borate and the former only is responsible for hydrogenation.* 

Erdman and Rack f believe the fact is fully established that nickel 
sub-oxide is formed when nickel borate is heated in oil at 260° C., 
and hydrogen pas.sed through the vehicle, also that the same product 
is obtained by reducing the borate as a dry powder at 340° C., with 
hydrogen gas. 

Erdmann states he does not know whether or not metallic nickel is formed 
at 400° C., as he has made no observations at so high a temperature, but that 
it is probable the increa.se in teiniwraturc has, in this case, the same influence on 
the progress of reduction as has been noted with organic salts of nickel. Bed¬ 
ford and Erdmann t found nickel oxide to be formed when such organic salts 
were heated in oil through which a stream of hydrogen was passed, and only 
under special conditions such as a substantial increase in the temperature was 
metallic nickel produced. Erdmann also observes that Normann refers to 
Meigen and Bartels as confinning the view that hydrogenation with organic 
nickel salts is only a special case of operation with metallic nickel, although 
Meigen and Bartels are stated not to have published anything touching on this 
point. Erdmann reiterates that this view is wholly erroneous. He questions the 
credibility of Meigen and Bartels' results in other resi)ects. 

Also it is asserted by Erdmann that he was aware phosphomolybdic acid 
was not a reagent suitable to distinguish nickel from its suboxide as both bodies 
react to fonn molybdenum blue, but that this reagent was employed on the 
nickel borate to show that reduction had taken [dace. On the other hand, 
Erdmann regards as jwsitive proof of formation of nickel suboxides: (1) the 
black color resulting from subdivision of the catalyzer during its formation in 
oil and (2) the lack of electrical conductivity of the used and fat-free catalytic 
agent. The conductivity also increases with increase in temperature. § 

Schoenfeld 11 discusses the observations of Bosshard and Fischli If 
who, Schoenfeld notes, on the basis of an experiment with oleic acid, 
have stated that in the hydrogenation of oils in presence of nickel 
borate, catalytic action comes into play only after the borate is 
decomposed. 

• See also Normann and Schiek, Arch. Pharm,, 352 , 208-210, 1914. 

t Scifen. Ztg., 1915, 75. 

t Journ.jjprakt. Chem, (2) 87 , 449. 

§ Scifen Ztg. 1^15, 288. 

IjZ. angew. Chem. 1916, 29 , 39; J. S. C. I., 1916, 307; J. Chem. Soc. no, 1, 248. 

I., 1915, 1Q79. 
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Schocnfeld points out that hig conclusions in regard to the favorable action of 
nickel borate ag catalyst referred only to neutral fats and that he was aware of 
the decomposition of nickel borate by free fatty acids. In Hosshard and Fischli’s 
c'cperiment, the activity diminished with increasing decomposition of the catalyst, 
and this confirms Schoenfeld’s contention that nickel borate is a more effective 
hydrogen carrier than the mixture of nickel and nickel oxide (with boric acid) 
formed by its decomposition. In many cases hardened fats (especially from 
marine animal oils) produced with the aid of nickel or nickel oxide contain more 
nickel than those prepared with the aid of nickel borate. 8choenfeld disputes 
the statement of Bosshard and Fischli that the catalytic hydrogenation of oils 
in presence of nickel borate is conditioned by the previous decomposition of 
the salt; the reverse, in fact, he claims is the case, for with increasing decom¬ 
position of the borate owing to the action of the free oleic acid used in Boss- 
hard’s experiment, the activity of the cabdyst diminishes. The relatively high 
nickel content of the oleic acid hardened in presence of nickel borate is likewise 
to be attributed by Schocnfeld to tlie decomposition of the salt by the free fatty 
acid. 

C. and G. Muller Speisefettfabrik A.-G.* employ a hydrogenar 
tion catalyzer consisting of a nickel salt of an inorganic acid not 
volatile at the temperature of hydrogenation (e.g., nickel borate or 
silicate). The nickel salts are preferably heated in a current of 
hydrogen before use. 

The action of nickel borate as a catalyzer has been determined in the author’s 
laboratory. A nickel compound was prepared by treating a solution of nickel 
sulphafe with sodium metaborate. The voluminous precipitate which formed 
was dried in the air at 100. C. and subsequently dehydrated at a higher tein- 
jicrature in a current of hydrogen. This product hardened cottonseed oil at 
about the same rate as the catalytic material used by Schocnfeld. 

A catalyzer described by Bremen Besigheimer Oelfabriken f is 
produced by calcining organic metal compounds, or a mixture of 
metal compounds with carbon or carbon-containing substances, and 
introducing the mixture, immediately after calcining, into oil or 
other indifferent liquid in which it can be kept indefinitely. 

It is essential that the calcining should be continued until the mixture has 
become pyrophorous; as this quality is stated to greatly increase the catalytic 
action of the material. 

The observation is made that it has been previously proposed to heat or 
burn organic metal compounds or mixtures of metal compounds and carbon to 
produce finely-divided catalytic materials, but that it has never been proposed 
to introduce the materials so jiroduced directly into oil, immediately the desired 
stage of the calcining has licen reached; also that catalysts produced by reduc- 

* French I’utciit No. 470,;«i4, March 28, 1914; J. S. C. I., 1915, 186; Swedish 
I’atent No. 41,331, Septenil)er 13, 1916; Chem. Aba., 1916, 3172. 

t British Patent No. 4023, 1915. 
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tion in a current of hydrogen have previously been rubbed up with oil to form a 
viscid “ emulsion-likc fluid,” and the suggestion has been advanced to mix a 
metal compound with oil or other protective substance and reduce the mixture 
in the presence of hydrogen. In the present case, however, it is noted that the 
expensive, lengthy and dangerous reduction with hydrogen is entirely avoided. 

Fats hydrogenated with the ordinary catalyzer, are stated to have a peculiar 
smell which is designated as “ catalyzer smell.” To eliminate this smell, the 
fats have to be steamed after hydrogenation. This steaming usually is regarded 
as unnecessary when catalyzers prepared by calcination are used. The carbon 
is claimed to remove the typical catalyzer smell, so that when hydrogenating 
with the aid of these catalyzers, substances are obtained that can be used at 
once for technical purposes. Owing to the presence of carbon, the fat is found 
to be more easily filtered and at the same time bleached, as pyrophorous carbon 
has bleaching properties. 

The process may be ctirried out in the following manner: 

Benzoate of nickel is heated aliove 1000° C. until carbonized, and the carbon 
has completely or partly reduced the oxide of nickel formed. The so-called 
mixture of carbon and metal is then at once mixed with oil, or other indifferent 
liquid. The calcination reaction is found to reach completeness in a few min¬ 
utes, or at the outside in half an hour. 

In a second way of carrying out the process, carbonate or oxide of nickel, 
precipitated on fossil meal, is mixed with about the same quantity of fine car¬ 
bon, and heated above 1000° C. until the mass has become pyrophorous. It is 
then introduced without delay into oil and is thoroughly mixed with the latter. 
This catalyzer may then be mixed with a further quantity of oil. Its lasting 
qualities are very good. 

Oil hardening with such catalyzers can be carried out at 150° to 200° Car¬ 
bon, which by itself becomes pyroi)horous on being calcined, such as, for instance, 
animal charcoal, is recommended. This is regarded as apparently due to the 
fact that pyrophorous carbon alone has a catalyzing action, and also assists the 
metal catalyzer in its catalytic action. 

The application of nickel b:)ride * and of nickel carbide f or of 
catalyzer.s containing the latter is proposed by Ellis. The catalyzer 
may be sealed in paraffin wax. 

The preparation of a catalyzer from inorganic basic compounds 
is described by Ellis, t 

One form of this catalyzer is prepared by subjecting nickel hydrate to the 
reducing action of hydrogen in a submersion or bathing liquid of oil or glycerine. 
The reduction is carried out at so low a temperature that the catalytic material 
is left in a relatively voluminous condition. By the reduction of mixtures of 
nickel hydrate and other metallic hydrates such as copper hydrate, a composite 
metal powder is obtained which is particularly active in the hydrogenation of 
some oils. The composite catalyzer of nickel and copper has been found effective 

*U. S. Patents No. 1,201,226, Oct. 10, 1910; 1,255,090, Feb. 5, 191S; J. S. C. I., 
1918, 214 A. 

tU. S. Patent No. 1,182,995, May 16, 1916. 

tlJ. S. Patent No. 1.1.56.068. Oetoher 12, 1915. 
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in thn hardening of commorcial oleic ncid. A method of i^rcparing nickel hydrate 
in a form suitable for reduction to yield eahilytie nickel is described by Ellis.* 

Some interesting observations have been made by Kelber f on 
the catalytic hydrogenation of organic compounds with non-noble 
metals at room temperature. 

The catalytic action of the reduced nickel metals is stated to be greatly 
increased if the compounds employed (best the Irasic carbonates) are first de¬ 
posited on a suitable carrier (infusorial earth, Florida clay, the various com¬ 
mercial hydro.silicates of aluminum and magnesium, blood charcoal, the decolor¬ 
izing charcoal of the ferrocyanide manufacture, linden charcoal, etc.). The 
reduction is best effected in aqueous or aqueons-alcohohc solutions. In alcohol, 
benzol, acetone, ethyl ether and ethyl acetate it is slower; the addition of a 
little water, especially with ethyl ether and ethyl acetate, greatly accelerates it; 
in acetic acid it is rapid with nickel reduced at 310°. (Ihloroform is not suit¬ 
able. To get an approximate comparison of the catalytic action of reduced 
non-noble metals with that of colloidal palladium, the detonating gas catalysis 
was carried out; Kelber and Schwarz palladium preparation f was used; 0.2 g. 
this (=0.0344 g. I’d) showed an activity which at first was less than that of 
0.5 g. nickel (a) (from the basic carlwnate) redmxjd on 4.5 g. of an inorganic 
carrier in hydrogen at 450°, although it gradually increased as compared with 
the activity of the nickel and finally surpa-ssed it. A nickel prepared at 310° or 
450° without a carrier gave a negative result. In the reduction of 0.75 g. 
cinnamic acid in 50 per cent alcohol, however, preparation (a) and 3.0 g. nickel 
reduced at 450° have about the same effect a-s 0.5 g. reduced at 310°, while 
0.5 g. reduced at 450° without a carrier is enormously less effective than prep¬ 
aration (a); in an aqueous alcoholic solution of sodium cinnamate the nickel 
reduced at 310° has the same effect as an equal weight of nickel reduced at 
450° on a carrier. Cobalt may be used instead of nickel but the reduction is 
slower. Other substances reduced in this way were sodium phenyl propiolatc, 
quinine hydrochloride, diphenyldiaoetylene, sodium “ cotton oleate.” Details 
of the various experiments showing the amounts of hydrogen absorbed in dif¬ 
ferent time intervals are given. 

Fuchs § observes that carbonates of some base metals, such for 
instance as nickel carbonate, can be converted directly into metals 
in a very finely-divided condition by immersing or suspending this 
material in the fatty acid or oil to be reduced and heating in the 
presence of hydrogen to the specific reduction temperature for each 
compound, which lies between 210° and 290° C. After the formation 
of the catalyzer is complete the temperature is lowered and the 
reduction of the oil is effected. By such procedure the catalyzer is 
prevented from coming into contact with the air. In plants where 

* U. S. Patent No. 1,165,956, Dec. 28, 1915. 

tChem. Aba.. 1916, 837; Ber. 49> 1910. 5&-03. 

} Chem. Abs. 0, 2757- 

I Chem. Abs., 1914, 3636; Britiah Patent No. 11,542, 1913. 
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hydrogenation is performed with the circulation of a hydrogen 
atmosphere the employment of organic salts of metals is held by 
Fuchs to be impracticable because the oxide of carbon which is 
constantly generated cannot be eliminated from such hydrogen 
atmosphere except at high cost. As an example of Fuchs’ method, 
castor-oil is mixed with 1.2 per cent of finely-powdered and prefer¬ 
ably fre.shly-prepared nickel carbonate previously dried at a tem¬ 
perature of 110° C. and the mixture is then heated to a temperature 
of 230° C. while a current of hydrogen is allowed to pass slowly 
therethrough. As soon as this temperature is attained, compressed 
hydrogen (twelve to fifteen atmospheres) is admitted into the mix¬ 
ture through a nozzle. The reduction of the salt to metallic nickel 
takes place with a slight frothing due to the evolution of water. As 
soon as this operation is completed the temperature is lowered and 
the reduction of the oil is carried out as an uninterrupted continua¬ 
tion of the preceding operation. 

Catalytic substances such as metals on an inert carrier which have 
been used in hydrogenating oils or fats arc regenerated according to 
Morrison’s method * by expressing most of the oleaginous material 
from the catalyst so as to form the latter into briquets or cakes, 
burning out residual organic substances and then recovering the 
metal in catalytically active form by heating in hydrogen. 

Morrison observes that great difficulty is experienced in revivifying 
metallic catalysts, either wholly metallic or on an inert support, 
which have been “ spent ” in the hydrogenation of fats and oils. 
The most direct way is to dissolve out the fats, etc., with a suitable 
solvent, then reduce in an atmosphere of hydrogen. It has been 
found that there is much organic matter present, which is not sol¬ 
uble in ordinary solvents and when it has been sought to burn out 
this organic matter difficulties arise. If a reducing temperature or 
temperature below the point of ignition in the air is employed, the 
material is apt to char, leaving a great deal of carbon in the material. 
If the material is heated in an oxidizing atmosphere and at a tem¬ 
perature which will burn out all the organic matter, it is found that 
it is not catalytically active when reduced in hydrogen. Further 
it is very difficult to burn out completely a light pulverulent mate¬ 
rial without frequent turning over, to expose the unbumed portion 
to the air. In turning it over, it dusts easily, entailing losses. 
Morrison, recommends that the material as it comes from the filter¬ 
ing or settling apparatus, either after being extracted with a suitable 

•u. a. Patent No. 1,203,233, October 31, 1916i Chem. Abo., 1917, 105. 
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solvent or direct, containing all the oil and organic matter, be sub¬ 
jected to pressure, preferably in a hydraulic press, at about 2000 lb. 
per square inch in order to extract as much oil as possible. Cakes 
or briquets are thus formed, which can be readily and completely 
burned out, without the necessity of turning them over to better 
expose to the air, as the lumps allow a free circulation of air. After 
the material is sufficiently burned (a small per cent of carbon does 
not interfere), it is macerated with water and sufficient mineral 
acid is added to dissolve all the metallic portion. This is done in a 
vessel winch contains a mechanical agitator to keep the material in 
suspension. When the metal or oxide is dissolved and still while 
agitating the metal salt is precipitated as a hydrate or carbonate by 
sodium carbonate. It is now washed practically free of any soluble 
salts which would interfere with its activity, i.e., salts which would 
act as “ poisons ” either before or after reducing, such as sodium 
sulphide or sodium sulf)hate. A washing filter press is re(»m- 
mended for this puiposc. The washed product is dried, ground and 
reduced in an atmosphere of hydrogen. Morrison states that it will 
be found to have regained its original activity. 

Nickel oxides used as catalytic agents in the hydrogenation of oils may be regen¬ 
erated by removing the grease, ealeming with limited iteceas of air so as to produce 
siiboxide, or with free access of air to produce monoxide, washing if necessary (e.g., 
if a chlorinated solvent has been used for extracting grease) and drying. The mon¬ 
oxide thus obtained may l)C converted into suboxide by a limited dry reduction by 
hydrogen, the operation not liemg pushed so far .as to produce a pyrophoric iirojluot.* 

A catalyzer rendered inactive by adhering fat is treated by Haas,t 
in an autoclave, under pressure to saponify the fat. 

In using nickel in a colloidal form difficulty is experienced in the 
filtration of oil in which such a body is suspended and Ellis J has 
proposed the filtration of oil containing colloidal nickel through 
a bed or layer of hydrated silicic acid or silicate such as zeolite or 
natural silicate containing hydrous material. 

In carrying out this process the bulk of the catalytic material may be removed 
by coarse filtration. The oil carrying the finer particles of the catalyzer is 
passed through a filter containing the hydrated silicic acid or hydrated silicate. 
An ordinary filter press may be used for this purpose and the silicious material 
may be applied to the filter cloths by j)a.ssing through the press a quantity of 
hardened oil in a molten condition containing the silicious material, thereby 

*,Soc. Imlusiridlti de Producls Chimiqufit. British Patent No. 112,708, Nov. 5, 1917; 
Cheni. Ab»., 1918, m.'js. 

t Norwegian Patent No. 28,034, July 2, 1917; Chem. Abs., rz, 98, 

t U. 8. Patent No. 1,224,291, May 1, 1917. 
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forming a silicioua coating on the filter clotEs. An effective form of filtering 
agent is prepared by precipitating silicic acid on kieselguhr or fuller’s earth, 

Bosch, Mittasch and Schneider * suggest a form of catalytic mate¬ 
rial useful for carrying out hydrogenation and dehydrogenation 
rapidly,, with certainty and at comparatively low temperatures. 
An intimate mixture of a common metal, iron, nickel, cobalt and 
copper, with a phosphate of an alkaline earth metal as a promoter, 
is employed. It is necessary to effect an intimate mixture of the 
catalytic metal and the promoter. If calcium phosphate be em¬ 
ployed as the promoter, the oxide or carbonate of the catalytic 
metal can bo mixed with calcium phosphate and the mixture there¬ 
upon be heated and reduced. A still better method consists in 
taking an insoluble salt, such as the carbonate, or an oxide of the 
catalytic metal, and adding to it a solution of a calcium salt, for 
instance, calcium nitrate, and then to add the necessary quantity of 
phosphoric acid either as such or in the form of ammonium phos¬ 
phate, or alkali metal phosphate, in order to convert the calcium into 
phosphate. It is preferred to employ basic phosphates, such as tri- 
calcium phosphate, as promoters. 

It is advantageous for the purpose of making a very active con¬ 
tact mass to prepare the catalytic metal from carbonaceous salts or 
mixtures of such salts, for instance, from carbonates or from for¬ 
mates. It is often useful to add to the mixture, bodies of inorganic 
or organic nature, which act cither as carriers, or as binding agents, 
or which increase the porosity of the contact mass. Asbestos, char¬ 
coal, or pumice may be used. The catalytic metal can be employed 
either in a state of fine division, or in a more compact form, such as 
wire netting, or wool, or in sheet form. 

Catalytic mixtures made according to this method can be used 
•for the hydrogenation and dehydrogenation of compounds containing 
carbon and are of particular value for the hardening of fats and 
fatty acids. 

The reaction can be carried out either at ordinary pressure, or 
under increased pressure, for instance, above fifty atmospheres and in 
most cases proceeds sufficiently rapidly at temperatures I elow 180° C. 

Example: Suspend 5 parts by weight of nickel carbonate in a 
solution of 1.3 parts of calcium nitrate, and then precipitate the cal¬ 
cium by the addition of 0.7 part of ammonium phosphate 
(NH 4 H 2 PO 4 ). Filter, wash well, dry and reduce with hydrogen at 

• U. S. Patent No. 1,216,336, February 13. 1917.' See also No. 1,271,013, July 2, 
ISl^. 
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about 350° C. This contact mass may be employed in the reduc¬ 
tion of cottonseed oil by means of hydrogen at about 130° C. In 
another case * the same investigators employ an oxide of boron as a 
promoter and as an example they recommend to mix freshly-pre¬ 
cipitated nickel carbonate with 10 per cent of its weight of ammo¬ 
nium borate previously dissolved in water. The product is dried 
and reduced. Calcium borate may be similarly used. This cata¬ 
lyzer is recommended for hardening fish oil. 

Organic Salts of Nickel as Raw Materials for Catalyzers, 
Metallic Formates and Oleates 

Snelling f observes that in the use of a siliceous carrier with an 
oxide it is diflScult to prevent more or less foimation of slaggy com¬ 
pounds, but that a catalyzer of high reactivity can be prepared by 
heating the metallic formates, the reduction of which takes place at 
a very low temperature, and proceeds smoothly. 

Nickel, cobalt, iron and copper fonnate, etc., may be used; and these salts 
may bo employed in the dry state where a powder is required; or a porous 
carrier may be soaked with a solution of the formate, dried and reduced. On 
heating, the formates decompose with an evolution of carbon monoxide and 
hydrogen, both strongly reducing gases; and this evolution of these gases in 
statu naseondi, allows the formation of highly reactive metal at very low tem¬ 
peratures. It is not neeessary as in the case of nitrates, to supply the reducing 
means from another source; which is regarded by Snelling as an advantage in 
the case of forming the catalyst on a support. In the formates, the combus¬ 
tible and the oxygen of the metal oxide are in atomic or molecular contact; a 
(Kintact differing from that of the oxide as powder in an atmoBjihere of hydrogen. 
And, as the reduction of the metal oxide and the oxidation of the combustible 
as a total reaction is exothermic, a reduction change started in one portion of a 
mass of fonnate tends to spread through it; the reaction it is stated can be 
initiated at one point and allowed to spread through the material as a self- 
propagating reaction. The reduction may lie effected at a comparatively very 
low temijerature; a temperature at which there is no tendency of the reduced 
metal to sinter or of the oxides to slag. 

In making reactive copper where the metal is de.sired in pulverulent form, 
copper formate is first dried at a low temperature and is then cautiously heated 
in a container to the lowest temperature at which the formation of metal becomes 
evident. The air in the tube is best displaced by hydrogen prior to heating. 
The formate may be dried in the container in which reduction is subsequently 
to be effected. In so doing it is advantageous to pass through a stream of 
hydrogen or other non-oxidizing gas. This stream carries away as fast as formed 
the water produced in drying and that produced in the subsequent reduction and 
much facilitates both operations. A vacuum may be used in lieu of hydrogen. 

» U. S. Patent No. 1,215,334, February 13. 1917. 

tU. S. Patent No. 1,122,811, Dcccnilicr 29, 1914; J. S. C. I., 1915, 182. 
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Where the copper is carried on a support, the carrier may lie soaked in a solution 
of eopi)er formate and the imi)reRnnled material dried and heated in the same 
way. It is particularly advantageoiw in this ease after placing the impregnated 
carrier in the reduction vessel to produce a vacuum to remove adsorbed air. 
Hydrogen is then allowed to enter and the material heated. 

The porous carrier employed may be any of the usual refractory materials. 
For nickel, cobalt, iron, copper, etc., where ased for hydrogen addition, as in 
hardening fats, the carrier may be coke. Where used in oxidizing reactions, as 
in the manufacture of formaldehyde, the carrier is Ijotter an inoxidizable material 
such as pumice-stone, baked clay, kieselguhr, etc. For many purposes Snelling 
finds that alundum is a desirable carrier since in some reactions alumina has a 
catalytic action. It is particularly advantageous in making a eopjwr catalyst 
for the manufacture of formaldehyde. 

For many purposes in catalytic operations Snelling states it is desirable to 
have a column of catalytic material wherein the carrier has different proportions 
of catalyst at different points throughout the column. For example, in making 
fonnaldehyde from methyl alcohol and air it is advantageous to have the mixed 
vapor and air pass through an alundum carrier containing a relatively small 
amount of copper, then past a carrier containing more, and so on until the 
mixture finally passes a carrier relatively rich in catalyst. It is regarded as 
advantageous to have the concentration of the reactive bodies inversely pro¬ 
portional in any given zone of catalysis. iSimilarly in hydrogenation processes 
involving the addition of hydrogen to vapors and gases, it is advtintageous to 
have the gas mixture first pass tlu-ough a carrier containing relatively little 
reduced nickel and subsequently past a carrier containing more nickel. 

As stated, the reduction of the fonnate should be at the lowest possible 
temperature; and the material should be brought at this temperature rather 
gradually. Careful observation of any given formate will show to the eye the 
point where reduction begins. Any violent heating causes a sudden decomposi¬ 
tion of the formate with the liberation of carbon monoxide and hydrogen in the 
gaseous form; after which reduction can only be in the ordinary way; viz., by 
a reducing atmosphere. With violent heating the reaction, under the catalytic 
influence of the metal, is apt to be irregular and result in the production of 
carlron and other bodies. 

Spieler * states he has found that gelatinous aluminum hydrate, 
also gelatinous silicon hydrate possess catalytic properties in a slight 
degree, not sufficiently marked to be of value as a commercial 
catalyst when used by themselves; however, when in contact or in 
combination with nickel salts the catalytic properties of these hy¬ 
drates are remarkably increased, so much that such a compound 
or combination has far greater catalytic activities than either of the 
component ingredients themselves. 

When a nickel salt of an organic acid, such as nickel formate (also nickel 
carbonate), ie intimately incorporated with a preponderating quantity of inor¬ 
ganic colloids, such as gelatinous aluminum hydrate or gelatinous silicon hydrate, 

• *U. 8. Patent No. 1,139,592, May 18, 1915. 
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either singly or together, in the dry stale, or with water to form a pasty mass, 
and this heated with a quantity of fat or oil to a temperature approximately 
230° to 250° C. in a pressure vessel arranged to agitate the contents, a catalyzer 
of uniform activity and stability can be produced. 

In preparing this catalytic compound, in the event the chemical ingredients 
are in the form of a pasty mass, during the stage of the evaporation of the 
water and the subsequent heating to the final femiwrature, a brisk agitation of 
the mass is de.sirable, as by this procedure the entire (atalytic substance is 
finely and unifonnly distributed throughout the .suspension medium. 

During the stage of evaporation of the water of solution, some intermediate 
reactions may oecur between the niekel formate or earlMmate and the inorganic 
colloids; however, the final decomposition of the nickel formate may be ex¬ 
pressed by the equation 

Ni(COOH),=Ni+2H+CO,, 
and that of the nickel carbonate as 

NiCO, = NiO+CO,. 


The hydrogen lihnra'ed during the deromposition of the formate is in the 
na.scent. state and within the oil-covered particle.s is absorbed by the catalyzer, 
which is then fully charged with the hydrogen content it is capable of occluding. 
In this manner the catalyzer is preserved in its most potent state, 

A convenient method of preparing this catalyzer is to take 40 parts of nickel 
formate and carlionate in aqueous susiicnsion and thoroughly incorporate this 
with about 80 parts of gelatinous aluminum hydrate or gelatinous silicon hydrate, 
either singly or t.ogether, in any proportion. The proportion of nickel formate 
and carbonate may be varied considerably. The jiroportion may be as low as 
4 parts of one to 30 parts of the other with satisfactory results. This mixture 
is placed in an agitating vessel with 100 parts of a susiicnsory medium (oil) and 
the whole mass is heated with constant agitation. The .steam resulting from 
the evaporation of the aqueous solution is allowed to escape. When the water 
has been driven off, the temperature is raised to approximately 235° to 250° C. 
and this temperature maintained until the reaction is complete. 

Another procedure is to take nickel fonnatc and carbonate, and air-dried 
gelatinous aluminum hydrate or silicon hydrate, or both together, thoroughly 
incorporate these and put in a pressure vessel with a quantity of fat or oil, 
agitate and heat the mass to a temperature of approximately 235° to 250° C. 
until the reaction is complete. 

Higgins * notes that in order to prepare a catalytic body from 
fatty acid salts of nickel and cobalt it is not necessary to treat them 
with hydrogen but that it is sufficient to mix the .salt with a fatty 
oil, and to heat the mixture, to produce a substance possessing cata¬ 
lytic properties. Thus the fatty acid salts of nickel, cobalt, iron or 

♦British Patent Nos. 21,041 and 23,873, 1913. J. S. C. I., 1916, 1122; Chem. Abs., 
1917, 219; British Patent No. 29, Sept. 17, 1913; Chem. Abs., 1917, 105; see also Brit¬ 
ish Patent No. 4,144 of 1913; HoUand Patent No. 2,322, Feb. 15, 1918 to Wimmer and 
Higgina. 
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copper may be heated in a protective neutral or inert medium such 
as a fatty body or oil. 

The reaction may bo carried out by merely mixing the organic metal salt with 
the medium or fatty body and while heating the mass, submitting it to sufficient 
mechanical mixing to maintain it at a uniform temperature throughout. With 
such treatment the mass blackens and the degree of this blackening may be 
taken as a guide as to the extent to which the catalytic body is produced. The 
temperatures required will be determined aaxudingly, being varied according to 
the salt used, the lowest temperature at which treatment can be conveniently 
carried out being best. As the temperatures arc relatively high (from 200“ to 
260° G.) it is recommended to perfonn the reaction in a vessel from which air is 
excluded thus preventing undesirable oxidation of the fatty body. By passing 
through the mixture a stream of indifferent gas, such as carbon dioxide or nitrogen, 
contact with air is avoided. Mechanical stirring may be employed in such cases 
but if the stream of indifferent gas be sufficiently rapid this is not ne<*ssary. 

In heating the reaction mass, it is desirable to use an oil bath, as the devel¬ 
opment of local superheating may produee aide reactions, tending to diminish 
the activity of the catalytic mass.* 

On passing hydrogen through nickel formate and gelatin in glycerine, at 2(H) 
to 210° C, colloidal nickel is obtained.* 

A volatile organic acid of the nature of formic acid has boon 
found by Higgins f to accelerate catalysis. The formic acid may 
be used as a liquid or in the state of vapor. It may be sprayed 
into the substance to be treated or into the vessel in which the, 
process is conducted or carried into the reaction mass in vapor 
form in the hydrogen employed, the object in each case being to 
insure that catalysis may take place in the presence of the free vola¬ 
tile organic acid. By the action of formate.s and similar compounds 
reduction i.s effected, without heating under pressure. For example, 
cottonseed oil may be reduced by heating at 210° C. with 00 per cent 
of its weight of nickel formate, air being'excluded. J 
. The oxalates, tartrates and acetates of nickel and iron are men¬ 
tioned as catalyzer raw materials in the preparation of a catalytic 
body used by Valpy and Lucas § in the cracking of hydrocarbon oils. 

Finely-divided copper prepared by reduction of copper salts, such 
as the nitrate or carbonate or organic salts which, on heating, 
evolve indifferent gases, e.g., copper formate or oxalate, is used for 
the reduction of nitro compounds. These salts may be heated alone 
or with ammonium carbonate and when necessary, a reducing gas— 

• Kelber, J. Ind. Eng. Chem.. 1918, 396. 

t U. S. Patent No. 1,211,704, January 9, 1917. 

t British Patent No. 4,GG5, Feb. 23,1914; J. S. C. I., 1910, 317; sec also British Patent 
No. 23,377, of 1912; J. S. C. I., 1913, 989. 

( British Patent No, 5847, March 7, 1914. 
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hydrogen or carbon monoxide—^is passed over the catalyzer raw 
material at a temperature below red heat to form the metal. The 
copper may be supported on a pumice, asbestos, kieselguhr or other 
carrier. 

Activators for the copper catalyst are recommended. Alkali 
compounds, magnesia and alumina are effective. When employing 
copper formate, no treatment with a reducing gas is necessary. 
Reduction is best carried out at about 300° C. In some cases copper 
oxide is formed as an intermediate compound. An excessive tem¬ 
perature gives a catalyzer which deteriorates too rapidly in use. 

This form of catalyzer affords good results in the reduction of 
aromatic nitro compounds at temperatures around 200° C. yielding 
the corresponding amines in a satisfactory state of purity. The 
contact material remains active indefinitely.* 

Richardson t aims to prepare active catalytic metal, or compounds, 
at a comparatively low temperature and in a colloidal condition or 
in a fine state of suspension approacliing the colloidal condition, in 
oils or fats. 

In order to bring about this result he uses a salt or compound of the desired 
metal, which may be copper, cobalt, nickel, or iron, selecting a salt which is 
soluble in oil or fat, and dissolvc.s it in the oil or fat, using heat if necessary. 
In order to reduce the active mdal from the solution so obtained, a reducing 
substance such as hydrogen is applied and reduction in the cold or by means 
of heat and under ordinary atmospheric pressure or higher pre.ssures, is brought 
about. As suitable oil-soluble metallic salts for the purpose, the metallic salts 
of the fatty acids are recommended. 

The fat or oil in which the reduction with production of active catalyst is 
to be brought about is placed in a suitable vessel and to it is added from 1 
to 50 per cent of a metallic .soap or a metallic salt of one of the higher fatty 
acids, for example, nickel olcafe, which is dissolved by means of heat. A suit¬ 
able reducing agent, which may be hydrogen, under pressure or not, is intro¬ 
duced and solution and reducing agent are thoroughly intennixed by agitation. 
At the end of the operation, the nickel or other metal is obtained in a colloidal 
higlily active condition or in a state of extremely fine subdivision approaching 
the colloidal condition, and can then be used to bring about many chemical 
reactions such ns the addition of hydrogen to unsaturated fatty acids and fats. 
In or after reducing the nickel soap with.hydrogen, the hydrogen also tends to 
saturate the oil. 

According to Hausamann t the effective hydrogenation of unsat¬ 
urated substances is obtained by the use of a basic compound of a 
suitable metal (for example, copper, nickel, cobalt, and other non- 

♦ Zeitsch. angew. Chem. Rcferat., 1816, 212; German Patent No. 282,568. 

t U. S. Patent No. 1,151,718, August 31, 1015. 

J U. S. Patent No. 1,145.480, July 6, 1915, Canada, 157,390, August 18, 1914. 
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noble metals), with a fatty acid soluble in the fatty compound to be 
treated, such, for example, as oleic, stearic, or like acid. 

These mctallie soaps dissolve in the melted fats or oils, and, on passing hydro¬ 
gen through the mixture (at a temperature between 100° and 180° C.) a eolloidal 
metallic hydride is formed (hat is regarded as the aetive agent in the reducing or 
hydrogenating reaction. The hydride exists in the mixture as long as there is 
free hydrogen present. ,Small additions of such a metallic soap arc sufficient 
to reduce large quantities of the unsaturated materials. The .same fatty adids 
as exist (usually as glycerides) in the coniix)und.s to he treated are preferably 
employed to form the basic metallic compound nsed for catalysis. The conversion 
of the basic metallic comixmnd int.o an active catalyzer, when dissolved in the 
fatty material, takes place gradually in the hydrogen atmosphere at temperature 
above 100° C. and a higher temperature of from 100° to 180° C. is recommended 
in practice. At this temperature eopjxsr or other hydride is obtained in colloidal 
condition. 

As an example of the pro(a!.ss the following may be taken: 500 parts by weight 
of raw soya-bean oil are mixed with 0.4 per cent of the basic olcatc of nickel: 

Ni(OH)C .HoOi, 

and the mixture is exposed at al)out 160° C. to the action of hydrogen by any 
of the well-known methods until (he desired degree of hardening is attained. 

In using a basic oleatc of coppcT 

Cu (011)0, JLjO., 

dissolved in the fat and uniformly distributed throughout the whole mass, the 
compound is acted tiiton l)y hydrogen with (he formation of water and the mass 
becomes dark brown. At this stage the fp;ed hydroxyl group probably plays a 
part in the fonnation of a copper hydride. I5y alternate fonnation and decom- 
po.sition of this eolloidal copper hydride the hydrogen is rendered active, con¬ 
verting the unsaturated fatty compounds into saturated, for itistanee the oleic 
acid into stearic acid. Analogous reactions occur with the various metallic com¬ 
pounds which may be employed in aeeordancc with this invention. In no case is 
the metal itself produced or its oxide, as in some of the prior processes, except 
at the end of the reaction, when free hydrogen is eliminated to gradually decom¬ 
pose the hydride. 

The reactions which occur may be given approximately by the following equa¬ 
tions: 

. Fonnation of the primary catalyst 

Cu(OH)j-|-CH,—7(CHj)—CH=CH—7(CH,)—COOH 

= CH,—7(CH,)—CH=CH—7(CHj)—COO • CuOH -|-HjO,. 

that is, basic copper oleate. 

The reaction of this oleate with hydrogen 

2(CHs—7(CHs)—CH--=CH—7(CH,)— COO • CuOH) -|-Hx 

-2(CHr—7(CH,)—CH=CH—7(CHj)—COOH)-|-CusHj-|-H,-, 

-|-2H,e)- -+ CHr-7(CH,)—CH—CH—7(CH,)—COOH-|-2HjO-|-H,-,. 

1 / 

CuiH, 
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The resulting jiroduots are 

CH,—7 (( :H,)—CH,—CIL—7(Cft)—coon+C u 5 H,+2H,0+ 

A process for converting unsaturatcd fatty acids into saturated 
compounds similar to the foregoing is described by Mellersch- 
Jackson * according to which a basic heavy metal salt of-a fattv 
acid of high molecular weight is dissolved in, or intimately mixed 
with, the substance to be treated, and the material hydrogenated 
between 100° and 180° C. Basic oleates of nickel and copper are 
mentioned, t 

A catalyzer is prepared by Thieme and Geitel J by heating a mix¬ 
ture of nickel nitrate and an organic salt of nickel The latter may 
be prepared by the moderate oxidation of glycerine with nitric acid 
and subsequent neutralization with nickel carbonate. The compounds 
of other metals also may l)e used. 

They olworve § that the property of ‘‘emulsifying” |«)s.ses,scil hy this form of 
catalyzer ])criiiil.s tlio einiiloyinent of a very simple ai)paratus nnd hydrogenation 
io effected at low tcinporatures. (M0° t,o l.tO”.) The process i.s stated to pos¬ 
sess the adveanfage over former mctliods in that a metal oxide catalyzer or a 
metal catalyzer can be produced directly, so f.liat a reduction of the catalyzer 
in a curri'nt of hydrogen is not necessary. Bure nickel glycerate need not lie 
uscil, as a mixture of nickel salts can lie usi'd which is ohtained by moderate oxi¬ 
dation of glycerol and subscijucnt neutralization with nickel carbonate. For 
exainiile, 3 parts of glycerine of 33 per cent strength are mi.xcd with ‘2..5 jiarts 
of 02 jier cent nitric acid. Some ixitassium nitrite solution is added as cata¬ 
lyzer. The mixture is allowed to stand for three to four days at a temperature 
of 25“ to 30°. The solution is then heated to 90“ and after cooling, water is 
added until the original weight is regained; 1 cc. of the solution mast then 
neutralize 40 to 42 ec. 0.1 N alkali. The product of the reaction i.s then neu¬ 
tralized with nickel carbonate. For the production of a metal catalyzer 0.6 
parts Ni(N 02 )r 6 Hj() is added, together with a pulverulent inorganic sulistance, 
e.g., pumice stone or clay, and the product is evaixirnted to dryness and decom- 
po.sed by healing with exclusion of air. To obtain the oxide catalyzer, 3 parts 
of NifNOjl-OUjO arc added, and the mass is evaporated to a syrupy consistence 
and decomposed by heating. 

The application of nickel oleate in hydrogenating oils, as described 
by Ellis j| involves, in one form, the thermal decomposition of the 
oleate in an oily vehicle. Beside nickel oleate any suitable metallo- 
organic compound, especially one soluble in oil and consisting of a 

* British Patent No. 21,477, September 23, 1913. 

t J. Ind. Eng. Chera., 1915, 459. 

tSeifen. Ztg., 1915, 478. ^ 

I German Patent No. 292,894, December 3, 1913; Chem. Abs., 19ir, 1530; J. S. C. 
I.. 1916, 932. 

II U. S. Patent No. 1,217,118, February 20, 1917, 
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metal united to a weak orptanic acid may be used as a source of 
catalytic material.* 

By heating these metallo-orgonic compounds decompo.sition occurs .setting free 
the catalytic material in a state of extreme subdivision and sometimes forming 
a colloidal solution. When the catalyzer has been prepared in this manner, 
it is admixed with the oil that is to be hydrogenated and hydrogen is introduced. 
In those cases where the metallic catalyzer tends to dissolve in an acid fatty 
body to form a metallic soap, the temperature during hydrogenation may be 
maintained at a point above that at which the soap is unable to exist, or if 
previously formed may be decomposed. A temperature of about 10 degrees 
above the decomposition point is recommended. 

Details of preparat ion of catalyzers by the thermal tlecomposition 
of nickel oleate or other orRauic compound of nickel are indicated by 
Ellis.t A catalyzer may be mad(‘ by the reduction of nickel acetate 
in hydrosen.t A mixture of nickel formate and nitrate whim heated 
givCiS catalytic nickel material.! Ellis proposei to msike a catalyzer 
concentrate! by decomposing in oil, an exceas of a d('compo.sable com¬ 
pound of nickel.i| Nickel carbonyl may lie u.sed in this ea.se. 

In the hydrogenation of oils with colloidal nickel catalyzers, Ellis 
recommends that especial can; be taken to free th(> hydrogen gas 
employed, from chlorine.il 

A catalyzer for hydrogenating oils is prepared by the Bremen-Besigheimer 
Oelfabriken,** by impregnating kieselguhr or asbestos with a solution of nickel 
acetate, adding a limited quantity of oil and heating in a vacuum at a temperature 
between 150 to 200° C. Finally hydrogen is passed through the mixture 

Catalysts such as finely divided reduced nickel, cobalt, manganese, copper, etc., 
for hardening fats are prepared by Soc. de Stearinerie et Savonnerie de Lyon and 
Berthon,tt from metallic oxides by reduction at about 250° C. in a neutral liquid 
medium such as paraffin, vaselin or heavy petroleum oil with the addition of 0.25 
to 0.5 per cent of stearic acid. The material is placed in vertical tubes and heated 
to about 250° C. The metallic oxide is then added and hydrogen is injected. Per¬ 
forated plates are arranged in the tubes. The catalytic metal is obtained after 
about 2.5 to 3 hours and the liquid medium is separated by centrifuging. 

•Patent No. 1,217,118 was involved in an interference with the Wimmer and 
Higgins Patent No. 1,081,182 described on pages 47-8 and priority was awarded to 
I'lll's for this use of organic compounds of nickel in the hydrogenation process. In 
an interference with Hausaninnn, priority was also to awarded Ellis and the applica¬ 
tion f>n which Letters Patent No. 1,145,480 was issued to Hausainann July 0, 1915, 
WOK involved in a like interference. 

t U. S. Patent No. 1,251,201, Dec. 25. 1917. 

t Ellis U. S. Patent No. 1,251,203, Deo. 25. 1917. 

§ U S. Patent No. 1,251,204, Dec, 25, 1917, to Ellis. 

II D. S. Patent No.’1,251,202, Dec. 25 1917. 

n U. S. Patent No. 1,184,080, May 23, 1918. 

** German Patent 304,043, August 18, 1912. 

ft British Patent 107,004, May 19, 1917 and 107,969, June 25, 1917; J. S. C. L, 1918, 
A'lK s InJsdsaA , ' 
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THE BASE METALS AS CATALYZERS.—Continued 

Notes on Nickel Oxide Catalyzeks 

Bedford and Erdmann * assert that metallic oxides can be pro¬ 
duced in an extremely finely-divided and voluminous form by pre¬ 
paring a concentrated aqueous solution of a nitrate, mixing the same 
with an organic compound which is soluble in water and rich in 
carbon and subsequently decomposing by heat. A strong evolu¬ 
tion of gas takes place during the combustion of the organic sub¬ 
stance with the nitrate and the metallic oxide swells up to a large 
volume, assuming the form of a dust, while the whole of the carbon 
present in the organic compound is removed by the combustion. 
On reducing with hydrogen at 200° to 300°, the metallic oxides 
prepared according to this method can be converted into the corre¬ 
sponding voluminous and catalytically active metals. 

Example,: Nitric acid of specific gravity of 1.42 is diluted with an 
equal volume of water and to the diluted acid pure metallic nickel 
is added. When the resulting reaction is completed, the whole is 
heated to boiling for about two hours in the presence of an excess 
of iii(!kel in order to neutralize completely the nitric acid present 
and to precipitate any iron which may occur as hydrated oxide of 
iron. The clarified nickel nitrate solution is evaporated until its 
specific gravity is 1.6 and for each liter of this liquid (corresponding 
to 250 g. of nickel) are stirred in 180 g. of powdered cane sugar. 
This solution is run in portions into a muffle of any suitable con¬ 
struction heated to a dull red heat and the heating of each portion is 
continued until no more fumes. escape. The voluminous nickel 
oxide thus formed is removed from the muffle by means of a scraper 
and a fresh portion of the solution run in. 

By means of the process, cobalt oxide, iron oxide and other oxides 
of the heavy metals which may be used for catalytic purposes, can 
be produced in a light voluminous and catalytically active fonn and 
are well adapted both in the form of oxide and in the form of metal 

* U. 8. Patent No. 1,200.696, October 10, 1916. 
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as catalytic material for adding hydrogen to unsaturated organic 
compounds. Other forms of sugar, or starch, dextrin, gum arabic 
or tartaric acid may be used in place of cane sugar. 

Nonnann * states that up to the present time there is no positive proof of 
the existence of nickel suboxidc in catalytic nickel material. The reaction of the 
reduced catalytic substance with phosphoinolylxlic acid a.s employed by Erdmann 
is by no means a specific test for nickel sulmxide but is exhibited by many 
reduced bodies such as finelyKlividcd metallic nickel. The method of testing 
electrical conductivity used by Erdmann is not proof of the absence of metallic 
nickel f- Erdmann’s contention that the blackening and fine distribution of 
the catalyzer in oil when under initial reducing conditions indicates the presence 
of suboxidc of nickel is rcgitrdcd as groundle.s.s. Finely-divided metallic nickel 
is black and it is known that nickel carbonyl when decomposed in oil yields an 
inky black liquid. Normann very jrantedly observes that he might just as well 
claim the blackening wa.s a “ proof ” of the formation of metallic nickel as of 
the suboxide. 

The failure of Bedford and Erdmann to observe the formation of 
metallic nickel when ttinploying the oxide is due to errontous methods 
of examination, according to Nonnann and Pungs.J It is, of course, 
of importance to the further development of the hydrogenation 
process to settle the question whether the metal or its oxide is the 
real hydrogen carrier, Normann and Pungs endeavored to find a 
reliable method of determining metallic nickel and investigated the 
products obtained with nickel oxide, the carbonate, also the formate 
and other organic salts of nickel. The results obtained with nickel 
oxide likewise apply to those nickel salts. 

For the cxi)erimental work 300 cc. round-bottomed flasks having a ga.s inlet 
tube at the bottom wore used. The bulk of the fla.sk was almost completely 
immersed in an oil bath healed to 255° C. Various fatty oils were hydrogenated, 
including olive, linseed, sesame, whale and refined cotton oil which had been 
blown with superheated steam under diminished pressure. The kind of oil 
employed made no difference as regards the formation of metallic nickel; 100 g. 
of oil were heated in the flask to 200° C. and hydrogen at the rate of 2 liters 
per minute were passed through the oil, thereby causing brisk agitation. One 
gram of nickel oxide was then added and the temperature raised to 255° C. 
Sinall samples were withdrawn from time to time and the melting-point deter¬ 
mined. When a melting-point of 45° C. was reached, which usually required 
two to three hours time, the nickel material was collected and tested for the 
presence of the free metal. Both pure and technical nickel oxide were examined 
and the different grades of the oxide were found to be more or less efficient in 
hardening oil and substantially alike as regards the formation of free nickel. 

Determination of Electrical Conductivity. The terminals of a small dry bat¬ 
tery were connected, each to a metal plate, so that the circuit would be closed on 
• Selfen. Ztg., 1915, 47 and 191. 

t See Normann and Pungs, Chem. Ztg., 1915, No. 6 and 7/8. 
t Cbcm. Ztg., 1915, 29. 
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contact of the two metal plates. In the circuit was placed a galvanometer or an 
electric bell. A sheet of mica with an opening 1 centimeter square was placed 
between the plates, thereby insulating them. In testing conductivity a small 
amount of the powder was placed in the square opening, in contact with a metal 
plate and the second plate ineased on to the mass. The deflection of the gal¬ 
vanometer indicate.s the relative conductivity and when high, enough current 
may pass to ring the bell. Lack of deflection of the galvanometer is" however, 
no indication of the absence of metallic nickel. A catalyzer used by the Oel- 
werke Germania of Emmerich and prepared by reduction with hydrogen of 
nickel material supported on an inorganic non-conducting pulverulent carrier 
did not prove to be a conductor. When nickel oxide is used for oil hardening, 
and the resulting black powder separated by deposition and washing with ben¬ 
zol, in some cases the used catalyzer conduefa electricity, while in other cases it 
docs not exhibit this property. Doubtlcas the conductivity is dependent on the 
actual metal content of the powder. It is conceivable that each particle of 
nickel oxide is not at once fully reduced to the inctidlic state but that super¬ 
ficial reduction first occurs and by continued contact with hydrogen, the con¬ 
tent of free metal increases. The dependence of the degree of conductivity on 
the duration of oxpo.sure to hydrogen and consequent variation in metal content 
is shown in the table.s below. The percentage of nickel is calculated on the 
amount of hydrogen liberated by dilute sulphuric acid. 


CONDUCTIVITY OF REDUCED NICKEL OXIDE 
Kaulbaum's Nickel Oxide in Cottonseed Oil 


Time of IlarduninR 

Total Nicixfl in 
Ujk'cI (/Qttily2(‘r 

Frt'o Nickel in 1 

t'«ed Catalyzer. 

Iodine No. 
of th<‘ 

Hardened Tot. 

Conductivity. 

Two hours. . 

79 4 

12 7 

63 

none 

Two hours, fifty minutes. 

85.2 

41 2 

21.2 

good 




9.7 


Seven hours. 

88,1 

53.0 

3.85 

good 


Thus it appears that the conductivity becomes manifest between 12 per cent 
and 41 per cent of free nickel. The nickel content of the above-mentioned 
commercial catalyzer (Oelwerke Germania) of a non-conducting nature lies 
between these limits. 

Linseed oil was used in the 1 per cent nickel oxide tests, and in all the others 
cottonseed oil was employed. 

By a magnetic method of separation similar to that used by Erdmann • who 
obtained negative results, Normann and Pungs succeeded in isolating the better 
conducting portions of catalytic material having a low content of free nickel. 
The oil and catalyzer mixture after treatment with hydrogen, was cooled to 
140° C. and a strong electro-magnet moved about in the oil thus attracting the 
nickel particles which were removed and washed with benzol. The nickel 
material was collected with the magnet and introduced into fresh benzol and the 
operation repeated several times. A fractionation of metallic nickel from nickel 

• Journ. Prakt. Chem,, 1913, 437. 
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oxide, although the latter is somewhat magnetic, is thus obtained. The nickel 
powder is well washed with ether and dried in a drying oven. It is then ready 
for a conductivity determination. 

CONDUCTIVITY OF REDUCED NICKEL COMPOUNDS. 


Cafaiys(‘r Mutcriai 


Nickel oxide, J per cent Kahlbaum 


Nickel oxide, 1 per cent Kahlbaum. 

Nickel oxide, Merck. 

Nickel carbonate. 

Nickel hydroxide. 

Nickel formate, 5 pt^r cent. 

Nickel formate, 3 per cent. 

Nickel formate, I per cent. 


MeltijiK-point of 
KutiulUriR Fat 

Conductivity. 

28 

none 

32 2 

none 

45.0 

good 

53 6 

good 

liquid 

none 

saivc-Iike 

non(‘ 

27. 

good 

46 2 

good 

45 5 

good 

49 8 

noticeable 

45 9 

noticoal)lc 


good 

45.5 

good 


good 


The powder is pressed between the metallic plate preferably gently ruldiiiig 
to secure good contact. Too violent rulibing tends to reduce conductivity, 
which is explained on the supposition that the particles by jiartial reduction 
acquire a skin of metallic nickel and those particles show metallic conductivity. 
If crushed, a mixture of conducting and non-conducting material is produced 
and the latter obstructs the flow of the current. 

Extremely fine metal powders conduct electricity poorly or not at all. Nor- 
mann and Pungs frequently observed a lack of conductivity in products which 
were prepared under conditions inevitably yielding a substantial proportion of 
free metal, and which, indeed, aftorded a positive test for nickel by the car¬ 
bonyl reaction. This was noted jjarticularly when using nickel carbonate. On 
bringing a magnet near a mass of warm fat containing the products of the action 
of hydrogen on the carbonate, no particles were attracted, but a peculiar light 
reflex was noted which changed as the magnet was moved about, showing mag¬ 
netic orientation of the suspended particles. On microscopic examination, these 
supposedly granular particles were found to be rod shaped. Evidently these 
minute rods became magnetically polarized and changed position in the oil to 
accord with the pole of the magnetic source presented. The product was allowed 
to stand in oil overnight and the following morning it '.vas treated with hydro¬ 
gen for one-half hour at 200° C. Then it was found that the fine particles had 
formed into aggregates which were easily attracted by the magnet and conducted 
electricity. 

A qualitative test of conductivity was not deemed sufficient proof of the 
presence of free metal, as metallic oxides, such as nickel oxide, even when per¬ 
fectly dry, show a slight degree of conductivity. By strongly rubbing nickel 
oxide between the pole plates a considerable deflection of the galvanometer 















THE EASE METAIH AS CATAIA7.ERS 


203 


frequently was noted. Metallic oxides api)car to contain particles of relatively 
good conductivity which contact on rubbing and provide conducting zones. 
Norrnann and Punga made a number of determinations of electrical resistance 
with the Wheatstone bridge on various oxides, before and after employment in 
the hardening process. A centimeter square opening in a mica plate between 
two metal plates was used in these as in the preceding determinations. 


MEASUREMENTS OF RESISTANCE IN OHMS 


Nickkl Oxide (ic). 
Kahlbaum. 

Nickel Oxide (oua) I 
Kaiiluadu. I 

Nickel Oxide 

Meuck 

Nickel 
Carbonate 
After Fat 
llardeuiDR. 

Ilpfort' 

AfU'r i 

lioforft 

Afti'r 

Hoforo 

After. 

8000 

2 1 

over 

3 

over 

15 

1 

8.500 

2 5 

50,000 

1.5 

50,000 

18 


900 

20. 

. 

100 


100 


9000 

70. 

30. 

0.7 

0.8 


90 

20 

15 

16 


10 



These measurements show a decided difference in conductivity before and 
after fat hardening. 

Bedford and Erdmann have referred to a suboxide of nickel reported by Moore * 
in support of the contention that the suboxide is formed in the hydrogenation 
process. Norrnann and Rungs prepared a suboxide according to Moore’s pro¬ 
cedure and found it lacking in conductivity. However, after using this com¬ 
pound for oil hardening the conductivity was excellent indicating reduction to 
the metallic state. 

Analytical Determination of Free Nickel. The analytical determination returns 
a higher content of nickel than the conductivity indicates, and invariably more 
nickel is found than would correspond to the suboxide formula. The following 
examination was made; 

1. Two hundred and fifty grams of olive oil were hardened at 250° C. using 
2.5 g. of nickel oxide prepared from the nitrate. The fat melted at 55.2° C. 
and possessed an iodine number of 31. The catalyzer was allowed to settle 
and was repeatedly washed with benzine and benzol. The last portions of the 
solvent were removed with carbon dioxide. To remove occluded hydrogen the 
catalyzer was exposed for one hour to a vqcuum of 1 nun. mercury. The nickel 
product was treated with sulphuric acid and the evolved hydrogen measured. 
Some fatty material separated when the acid was added and correction was 
made for this. 


Weight of substance taken.0.2313 g. 

Fat separated. 0.1204 

Fat free catalyzer. 0.1109 g. 


» Chem. News, 1893, 68, 295; 1895, 71, 81. 
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With sulphuric acid, 36.4 ec. of hydrogen at 23° C. and 756 mm. were evolved 
corresponding to a content of 77.4 per cent free nickel. If the formula of the 
Buboxide is regarded as NigO and there action as Ni30+3H2S04=3NiS0<+Hj0 
+2Hj then the hydrogen actually found represents a content of 126 per cent 
nickel suboxide or 114.6 per cent total nickel. If the formula of the suboxide is 
considered as NbO • the results calculated on the hydrogen gas evolved would be 
173.6 per cent NiO and 152.7 per cent total nickel, all of which figures are, of 
course, impossible. 

2. One hundred grams edible sesame oil were hardened with nickel oxide 
(ous) Kahlbaum at a temperature of about 255° C. to a melting-point of 48.1° C. 
The catalyzer was dissolved in sulphuric acid, the hydrogen measured and the 
total nickel determined electrolytically. Results: 0.1706 total nickel, 62.1 cc. 
hydrogen at 26° C. and 774 mm. corresponding to 86.5 per cent of nickel. If 
figured as NiaO the nickel content would be 128.7 per cent. 

3. Five hundred grams sesame oil were hardened with 6 g. nickel oxide (ous) 
Kahlbaum to a melting-point of 52° C. The catalyzer was removed by means 
of a magnet. On treatment with sulphuric acid some fatty matter and green 
nickel oxide remained undissolvcd. The hydrogen evolved corresponded to 
76.8 per cent nickel but if a suboxide NijO were assun.ed to be re.sponsible for 
this amount of hydrogen, 124.6 per cent of the suboxide would be required. 

4. Five hundred grams of scasme oil were hardened to a m.elting-point of 53.5, 
using 5 g. nickel oxide (ous) Kahlbaum and the catalyzer treated as in deter¬ 
mination No. 3. The hydrogen given off was equivalent to 71.4 per cent nickel. 
Correction was made for undissolvcd nickel oxide and fatty residue. Calculated 
to NiiO, the percentage of the latter would be 115.6. Normann and Pung.s 
consider these determinations to fully establish the fact of formation of metallic 
nickel in all cases, even if it be assumed that some suboxide is formed. They 
find, however, no basis for such an assumption. 

The Nickel Carbonyl Test for Metallic Nickel. In testing nickeliferous cata¬ 
lyzers for free nickel by the carbonyl reaction Normann and Rungs f note that 
certain precautions must be observed. The greatest care should be taken to 
have the carbon monoxide employed very pure and thoroughly dry. Normann 
and Fungs prepared the monoxide by allowing concentrated formic acid to drop 
into concentrated sulphuric acid heated by a water-bath. The gas was dried 
by passage through sulphuric acid and then over soda lime and solid caustic 
soda. 

The carbonyl reaction is extraordinarily sensitive to the presence of air. 
Simply by pouring the hardened fat and catalyzer from one vessel to another, 
suffices to nullify the reaction. Accordingly, after hardening, the fat and catalyzer is 
cooled to 90° to 100° C. in a weak current of hydrogen. Then the vessel is placed 
in a water-bath at 90° to 92° C. and the hydrogen replaced by carbon monoxide. 
The gases leaving the reaction flask are passed through a hard glass tube which 
is heated at one point. Nickel carbonyl is decomposed and forms a mirror 
on the glass walls in the heated zone. To obtain good adherence of nickel the 
tube must be thoroughly clean. The separation of nickel is not quantitative. 
Some carbonyl escapes decomposition in the heating zone, as may be shown by 
igniting the issuing gas. The flame is colored yellow or if the amount of ear- 

* Bellucei and Correlli, Z. anorg. Chem., 1914, 88, 
t Chem. Ztg., 1916, 41. 
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bonyl is extremely minute the color is 
to secure a heavy nickel mirror. 


pale blue. Only a few minutes suffice 


NICKEL CARBONYL REACTION ON CATALYZERS. 


Oil. 

1 

1 Cataiyser. 

! 

Meltinjf- 
point of thp 
Hardened 
Fat. 

Nickel 
' Mirror. 

Cotton oil. 

5 per cent basic nickel formate 

50.8 


Cotton oil. 

5 per cent basic nickel formate 

51.2 


Cotton oil. 

1 per cent nickel carbonate 

49.8 

marked 

Cotton oil. 

5 per cent oxide (Erdmann) 

46.2 


Pure linseed oil.. .. 

5 per cent oxide (Erdmann) 

42.4 

marked 

Whale oil. 

3 per cent oxide (Erdmann) 

46.8 

marked 

Linseed oil. 

5 per cent oxide (Kahibaum) 

42.5 

marked 

Linseed oil. 

1 per cent oxide (Merck) 

40.6 

marked 

Linseed oil. 

i per cent oxide from nitrate 

40.6 

marked 

Linseed oil. 

i per cent oxide (Kahibaum) 

40.2 

marked 


If hydrogenation is allowed to progress to a lesser degree, the mirror appears 
with the carbonyl test. For example, olive oil was hardened to a melting-point 
of only 17° C. and a positive test for nickel was olitained. If fat hardening is 
carried^ out at a temperature below that prescribed by Erdmann, or not over 
230° C., blackening of the green nickel oxide does not occur, the color changing 
only to a greyish green. The iodine number of olive oil, after 35 hours hydro¬ 
genation under these conditions, fell but one or two units. The carbonyl test 
was positive although very weak. A blank test with the same nickel oxide in 
fresh oil and without treatment with hydrogen, maintained at 90° C., while 
carbon monoxide was passed through, showed that nickel oxide was not reduced 
by the monoxide under these conditions. 

Since Erdmann has suggested that the reduction of nickel oxide may be 
brought about by aldehydes contained in the oil, Nomiann and Fungs tested 
the reducing effect of formaldehyde and benzaldehyde, two of the most powerful 
reducing aldehydes. They heated a mixture of edible oil, aldehyde and nickel 
oxide on an oil bath at 225° C., without introducing hydrogen. No reduction 
of the oxide was noted; in one case, olive oil, benzaldehyde and green nickel 
oxide were heated to about 250° for four hours, u.sing a reflux condenser; but no 
blackening of the oxide was perceptible. The likelihood of reduction by the alde¬ 
hydes of fatty oils, therefore, appears to be remote. 

In the table below the results of the cimbonyl reaction at a temperature of 
50° C. are given when employing olive oil of iodine No. 82, freed from aldehydes 
by the silver nitrate method of Beechi, and hydrogenating at a temperature of 
250° C. in the first four tests and at 230° C. in the remaining tests. 

Thus, at 50° C. as well as at 90° C., the carbonyl reaction is obtained from 
catalyzer in oil. Even at 30° C. the carbonyl is slowly formed. At 30° C. the 
necessary contact of the monoxide with the relatively thick oil is difficult to 
bring about. 

An endeavor was made to make the carbonyl test a quantitative one. To 
this end, the glass tube in which the nickel carbonyl was decomposed, was filled 
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with fragments of porcelain and was heated in two or more places. It was then 
noted whether or not at the place of heating most remote from the point of 
entry of the carbonyl, any nickel was deposited. The exit gases were ignited 
and the color of the flame noted. It should be a pure blue. From 1 g. of 
catalyzer held at a temperature of 90° C. for four hours 0.05 g. of nickel were 
obtained. A second test conducted for four days gave 0.07 g. nickel. Even 
then the ’ reaction had not been completed. Nickel carbonyl was still being 
formed in the oil. 


NICKEL CARBONYL FORMATION AT 50° C. 


Cutulyxor. 

McltinK- 
point 
of the 
Hard¬ 
ened 
Fat. 

Iodine 

No. 

Curbonyl Tent. 

1 per cent nickel oxide (ic) Kahibauni.... 
1 per cent nickel oxi(!e (ic) Kahlbauin_ 

15.5 

49.6 
27.0 
49.8 

Liquid 

Liquid 

68.4 

37,1 

67.4 
38 0 
78,0 
79.0 

Heavy nickel mirror 
Heavy nickel mirror 
Heavy nickel mirror 
Heavy nickel mirror 
Distinct mirror 

Weak but distinct mirror 


1 per cent nickel oxide (ous) Temp. 230°... 
1 per cent nickel oxide (ous) Temp, 230°.. . 


It the residue of nickel in the oil is regarded as negligible, Normann and Pungs 
assume the hardening to have been carried out with a catalyzer consisting of 
about 7 per cent of metallic nickel on upwards of 90 per cent of nickel oxide 
serving as a carrier. The question then arose as to the possibility of so small a 
proportion of nickel effecting the degree of hydrogenation noted. Normann and 
Pungs regard the question as answered as a result of their practical experience. 
It is stated that a catalyzer of this composition, when carefully and skillfully 
prepared, gives good results not only in the laboratory but also on the large scale. 
From repeated use more nickel is likely to be reduced as a result of the con¬ 
tinued contact with hydrogen. 

A nickel-kieselguhr catalyzer w'as prepared by reduction at 450° to 500° C. 
at which temperature the existence of a suboxide is regarded as entirely excluded. 
The content of free nickel, calculated from a determination of the volume of 
hydrogen evolved by sulphuric acid was 4.2 per cent. By the addition of only 
1 per cent of this catalyzer to refined sesame oil, the melting-point was raised 
to 45° C. on hydrogenating for one hour. Normann and Pungs do not record 
the amount of nickel computed from the mixing formula of this catalyzer so 
that it does not appear whether or not this calculated proportion checks with the 
result of the hydrogen evolution determination. 

In every instance, the catalyzer material. Which before hardening, did not 
contain free metal, after hardening, showed the presence of the metal, hence, 
irrespective of the question of formation of nickel suboxide or other assumed 
reduction product intermediate nickel oxide and the metal, it is concluded that 
fat hardeninig does not occur in the afjsence of the free metal and that some sub¬ 
stance other than the free metal is an active catalytic agent, as contended by 
Erdmann, has not been proven. 
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Metallic Nickel vs. Nickel Cxide. In the discussion between 
Normann and Erdmann over nickel borate certain comments by the 
latter * are of interest in spite of the controversial attitude of Erd¬ 
mann. He states: 

(1) Through mere heating of finely-divided, freshly-reduced nickel in 'oil with 
or without the presence of hydrogen an inky black liquid never is formed. 

Considering the conditions under which reduction of a higher oxide of nickel 
in oil takes jilace, nickel suhoxide has at least an equal chance of forming as 
metallic nickel and it is logical to conclude that the suboxide is responsible for 
the black coloration. 

(2) Dark-colored suspensions of colloidal nickel may be obtained by electrical 
comminution of the metal in oil. When this suspended material is separated it 
is found to conduct electricity like a metal quite unlike nickel oxide suspensions. 

(3) As hydrogen carriers, such colloidal susiicnsions of metallic nickel are 
practically of no value. For this reason Shukoff’s nickel carbonyl process f has 
not come into use. 

Erdmann then proceeds to criticize Normann’s view that the activity of a 
metallic catalyzer resides in an imfsirtant measure in its degree of subdivision 
c.sfjecially the statement by the latter that “For this reason, carriers for the 
metallic nickel have come into use. Thus, it is possible to prepare metallic 
catalyzers which are aImo.st without activity, and again, others which have 
c.^traordinary efficiency.” Obviously, Erdmann states, the fine nickel powder 
obtained by reduction in a current of hydrogen as set forth in the Leprince and 
Hiveko Patent No. 141,029 belongs to the first category—the almost inactive 
class. But whether the fine subdivision alone of the catalytic is responsible for 
its high degree of activity is a consideration which Erdmann declines to discuss. 

The greater activity of once used nickel oxide catalyzer as compared with the 
original oxide is due to the formation of metallic nickel, according to Oelwerke 
Germania.! By repeated use the oxide catalyzer operates satisfactorily at the 
same teintwraturo as the free metal catalyzer and the high temperature of 260° 
required in the first instance is necessary, not for hardening, but for the forma¬ 
tion of free nickel. 

The manufacture of nickel oxide masses from granular nickel compound such 
as the carbonate, by igniting in a reducing gas atmosphero is described by 
Hoyer.§ For the production of the granular nickel compound pulverized nickel 
carbonate is moistened with water so that it bakes together, and after drying is 
cut into grains. These grains are rounded off, compacted and after drying, 
are reduced in illuminating gas. The ignition must not be too strong, sineg 
otherwise the grains become too hard. 

Paal and Brunjes state that sodium protalbinate and lysalbinate exert only a 
relatively slight protective action on sols of nickel hydrate and that it is impos¬ 
sible to obtain sols of high nickel hydrate content by their use. The prepara¬ 
tion of stable hydrosols containing 6 to 10 per cent nickel hydrate is de8cribed.|| 

♦ Seifon. Ztg., 1915, 288. 

f German Patent No, 241,823. 

J Seifen. Ztg., 1914, 645. 

i German Patent No. 277,743, July 17,1913; Chem. Abs., 1015, 761. 

II Chem. Abs., 1914, 3275; Ber., 47, 2200-2. 



208 


THE HYDKOCJENATION OF OILS 


Robson notes • that the use of nickel oxide as a catalyzer is defended by the 
Industria Saponica of Milan, which aaserfs that the use of metallic nickel can 
never achieve commercial importance. This curious pronouncement is made on 
two grounds. One is that the claim as to the effect of impurities in the oil upon 
the nickel is correct, as even if the hydrogen used is chemically pure, traces of 
albuminous bodies left in the oil by defective refining check the efficiency of 
the nickel materially, causing the action to be slow and giving a diminished out¬ 
put, with a largely increased amount of nickel. The other ground is that the 
activity of the metal is diminished seriously even if the fat to be hardened is 
pure, by the presence of impurities in the hydrogen, especially traces of chlorine 
or of sulphuretted hydrogen. 

For preparing a catalyzer for hydrogenation of oils and fats, the Suzuki-Shoten 
Co.f treats corn husks, sawdu.st, or insoluble <»rganic substances ricli in carbon with 
a mineral acid and works the mixture into a paste with nickel, iron or copper 
material. This ])aste is ignited to prodiu^e a jjorous (airbon which retain.s metallic 
oxides in a highly active* sbite. 

British Patent No. 29,981 of 1912 for An Improved Process for the Prepara¬ 
tion of Saturated Fatty Acids, their Glycerides and other Esters, issued to 
Bedford, Williams, Erdmann and Hydroil Limited, indicates that on further 
study of the process protected by British Patent No. 29,(>12 of 1910, it has been 
found that nickel suboxidc is e.specially suitable as a reducing catalyst for the 
addition of hydrogen to unsaturat-cd fatty acids or their glycerides. The patent¬ 
ees state that nickel suboxidc is one of the lower oxides of nickel and its formula 
has not yet been definitely settled. Muller t and Glaser § ascribe to it the formula 
NijO, but Thomas Moore, who ha.s more than anyone else examined this com¬ 
pound in detail, gives it the formula Ni;iO-21LO.|| 

Although its formula is uncertain the suboxidc po.saesses characteristic prop¬ 
erties. It is strongly nmgnctic, gives off hydrogen on treatment with dilute 
mineral acid, evolves nitric oxi<le fumes even in the cold. While it is distin¬ 
guished by these properties from all other nickel oxides it is sharply distin¬ 
guished from metallic nickel in that it possesses no electric conductivity, thus, if 
a pastille be pressed out of nickel suboxidc, the polar ends of two wires he 
inserted therein and a source of electric energy at an E.M.F. of 24 volts be 
included in the circuit no current is indicated by a sensitive galvanometer in 
the circuit even when the wires are only separated from one another by a dis- 
.tance of 1 millimeter. 

It is further found that nickel suboxidc is characterized by the property of 
giving colloidal solutions. The red solutions obtained according to Moore on 
reducing an aqueous solution of potassium nickel cyanide with sodium amalgam 
or zinc coated with copper or by means of an electric current contain the sub¬ 
oxide in colloidal solution. On allowing these red solutions to stand for some 
time, black nickel suboxide separates out in a flocculent mass. Oils in addition 
to water have the power of taking up the suboxide in a colloidal form. 

On heating nickel suboxide, prepared according to one of the methods de¬ 
scribed in literature, with a fat or fatty acid, the nickel suboxide distributes 
• Drugs, Oils and Paints, 1914, 211. 

t Japanese Patent 31,590, October 4, 1917; Chem. Aba., 1918, 538, . 

X Poggendorf’s Annalen, 136, 1869, 51. 
i Zeitschrlft fOr anorg. Chexnie, 36, 18. 

11 Chemical News, 7x, 1895, 81. 
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itself therein in an exceedingly fine sLitc of division to for;n a black, inky 
liqiiid which passes tlirougli any filter unchanged, 1'he same colloidal division 
takes j)lace if a higher nickel oxkle l>o susijondwl in a fatty oil and reduced to 
nickel suhoxidc by means of a current of hydr<igcn. This property of colloidal 
distribution imparts to the nickel suboxide to an extreme degree the power of 
adding hydrogen to unsaturated fatty acids and their glycerides in a manner 
similar to that in which the addition of hydrogen Ukas place by means of col¬ 
loidal platinum. 

In operating the process of British Patent No. 26,012, of 1910, nickel suboxide 
is stated to be formed t.o a cert.ain extent when ordinary nickel oxide is em¬ 
ployed in tbe pnxM'iss of hydrogenation. In the present ca.se, however, nickel 
suboxide is first prepared and is then added to a quantity of the oil which is to 
be hydrogenated. The advantage derived by this procedure resides in the lower 
terrqicrature at which the addition of liydrogim takes place. Thus, it is not 
necessary to heat the oil so strongly jls when ordinary nickel oxides arc employed. 

(id) Sesame oil i.s heated in a (^fippcr vessel with 1 per cent of nickel sub- 
oxide to 2f)0® C., and a strong current of liydrogcn is passed through the oil. 
The sulioxido immediately fornw with the oil an inky liquid and after a few 
hours the mass solidifies at 46'“ C. 

(li) Ordinary nickel oxid<; in as finely-divided condition as possible is heated 
with ten times its weight of cotton oil to 260'^ 0., and a strong current of hydro¬ 
gen passed through for one hour whereupon the grc*yish green oxide assumes a 
black color and distributes itself colloidally throughout the oil. Tlx; mass is 
ullow'cd to cool somewhat and then run into 2t)0 times its weiglit of cotton oil 
w'hich is now hydrogenized at 185® 0. After two hours the solidifying point of 
the mass is alimit 50® C. 

In the yiroseciition of the application from which TJ. S. Patent No. 1,026,339, 
of May 14, 1912, to Bedford and Williams was derived, the statement appears 
that: 

It has never been known to hydrogenize unsaturated compounds with nickel 
oxide as a catalyzer at any other than very high pressures whitih render the 
jiroccsses unworkable as commercial processes as is evidenced by the following 
literal translation of a portion of a jmpor contributed by 8. Fokin in the Journal of 
the llus.sian (Chemical Society, 1910, page 1074. 

“ It has been found by V. 1. Ipatiew that N^Oj, when used for experiments at 
high temperatures and pressures, givevS, as regards the velocity of the reaction 
of the hydrogenization of unsaturated compounds, a better effect than metallic 
nickel reduced from its oxide.* The participation of some of the lower forms 
of nickel oxide appeared to be very probable and to explain this unexpected 
circumstance. But if such explanation is suitable for very high pressures noth¬ 
ing similar is observed at pressures within the limits of ten to twenty atmos¬ 
pheres and at ordinary pressure. The nickel oxide becomes reduced to suboxide 
and there the matter ends. The hydrogenization of the unsaturated com¬ 
pounds does not take place here.” 

What is termed a semi-reduced hydrogenation catalyzer is detailed 
by Ellis, t the preparation of which is carried out by the careful 

* Method of Sabatier & Sendcrens. 
t V. S, Patent No. 1,159,480, November 9, 1915. 
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reduction of nickel oxide or hydrate to effect only partial reduction, 
ordinarily about one-half of the, oxygen being removed, affording an 
intimate mixture, of entalytic nickel combined with nickel oxide or 
certain of the suboxides. Besides hydrogen, other reducing gases or 
vapors, namely, water gas, carbon monoxide and the vapor of alco¬ 
hol, are mentioned. 

A catalylically active nickel black is produced by Boyce * by reducing 
nickel oxide with hydrogen. Tlic action is stopped before complete' 
reduction takes place, leaving a product which is predominately black. 

Boehringer & Sohne t hydrogenate unsaturated substances in the 
presence of a suboxide of the nickel group as catalyst. The sub¬ 
stances arc treated when in solution or suspension in an alcohol 
instead of in water. | In examples, dihydroquinine is obtained by 
treating quinine hydrochloride in solution in methyl or ethyl alcohol 
in the presence of nickel suboxide, and cinnamyleocaine is hydro¬ 
genated when in solution in ethyl alcohol in the presence of the 
same suboxide. 

Meigen § defends his former assertion that it is metallic nickel 
which transfers hydrogen to oils and fats instead of some suboxide 
of nickel as maintained by Erdmann and Bedford, jj 

New experiments are described, some in deUiil, on the hardening of sesame 
and fioya-bean oils at 240” to 280®, using nickel oxides and at 170® to 180° 
using reduced niekel as catalyzers. Results of tests for metallic nickel, evolution 
of hydrogen, electrical conductivity and formation of nickel carl)onyl arc given. 
Summary: (1) nickel oxide is an active catalyst only when free metal is present. 
(2) Erdmann’s objections to Mcigen’s former experiments arc based on false 
assumptions. (3) The presence of free metal in used catalyzers is again ])roved. 
(4) Lack of electrical conductivity or absence of the carbonyl-reaction are not 
proof of the absence of free nickel, while positive results with these tests always 
prove its presence. (5) The 8|x*cific gravity of catalyzers depends essentially 
upon organic impurities and proves nothing as regards presence of nickel sub- 
oxide. (6) The assertion that suboxide or “suboxide hydride” is formed, is not 
proved. 

The principal results of an investigation made by Frerichs If are 
summarized as follows: 

It is solely an assumption of Erdmann and his co-workers that reduction of 
nickel oxides in oil by means of hydrogen stops with the formation of a sub¬ 
oxide and that such suboxide acts as a hydrogen carrier. The existence of a 
nickel suboxide is held to be entirely problematical. Equally questionable arc 

* Canadian Patent No. l7l,43G. Aug. 22, 1910; Chem. Aba., 1918, 749. 

t British Patent No. 21,948, November 3, 1914; Chem. Abs., 1916, 1407. 

} See British Patent No. 21,883, 1914; Chem. Alis., lo, 1081. 

$ J. prakt. Chem., 92, 390-411, 1915; Chem, Abs., 1916, 1106. 

jj Chem. Abs., 9, 3136, 

^ Arch. Fb&nn. 353, 512,1915; Chem. Abs., 10, 1441. 
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assumptions and assertions that hydrated nickel oxides arc formed, or that nickel 
compounds in general can act as hydrogen carriers. It has been demonstrated 
with certainty, not only through electrical conductivity but also with the car¬ 
bonyl test, that metallic nickel re-sults during the hardening of fats through 
appliwition of nickel and other nickel compounds. Thus it has been shown that 
reduction of nickel oxide in oil by hydrogen does not stop at a suboxide but on 
the contrary progresses as in an ordinary dry reduction to the metal‘itself. It 
is certain tliat the inability on the part of Erdmann and co-workers to detect 
metallic nickel by means of electrical conductivity was in the main due to con¬ 
taminations of fatty acid salts of nickel and other products contained in the 
samples examined. Thus, Siegmund and Suida failed to detect electrically a 
content of at least 48 per cent nickel which according to their own analyses 
must have been present. Erdmann’s explanation of the action of nickel oxides 
as given in a series of tests designed to be comparative cannot be regarded as a 
proof, since possibility for comparison is excluded under the varied conditions 
obtaining in metallic nickel reduced in oil and in the dry state. Frerichs further 
asserts that it must be regarded as proved that, in hardening fat by use of nickel 
oxide, the hydrogen currier is in reality metallic nickel freed from its compounds by 
the cation of hy<lrogen. '('he stattiment: “ No hardening of fat without free 
metal ” he believes is justified in view of the j)re 8 ent state of the science and the 
exact experimentation which has been accomplished. 

As a proof that the lack of electrical conductivity does not neces¬ 
sarily indicate the absence of metallic nickel Nonnann * cites an 
experiment in y'hich a contact material prepared from purified 
kieselguhr with about 20 per cent of nickel, reduced for an hour at 
500° C. in hydrogen, showed no conductivity. On the other hand, 
the same kieselguhr mixed with 5 per cent of nickel, prepared by the 
reduction of nickel oxide at 280° C., showed pronounced conductivity. 

In answer to Erdmann’s assertion that the reduction of nickel oxide during 
hydrogenation was due to impurities in the oil, Normann describes an experi¬ 
ment in which 100 g. of synthetic triolein was mixed with 1 g. of pure nickel 
oxide and hydrogenated at 250° C. Within a few minutes a pronounced carbonyl 
reaction was obtained, and the mixture was strongly electrically conductive. 
Notwithstanding Erdmann's hypothetical assertions, Normann repeats his con¬ 
clusion that without free metal there can be no hydrogenation of fats.f 

By the process of Lever Bros. J hydrogenation is effected, while the fats em¬ 
ployed are maintained in the liquid state, in the presence of catalyiers which 
are substantially suboxides of metals, especially nickel.^ 

The results of the studies of Erdmann and Bedford § on the cata¬ 
lytic action of nickel oxides has been criticized, by Moigen and Bar¬ 
tels (see page 128), who have made tlie assertion, before the Natural 
Science Society in Freiburg-in-Breisgau || and later published the 

» J. S. C. I., 1916, 641; Chem. Ztg., 1916, 40, 381-383. 

t J. S. C, I., 1915, 237, 969: 1916, 262. 

t Swedish Patent No, 40,305, March 8, 1916; Chem. Abs., 1916, 1603. 

8 J. prakt. Chem., 1913 (2J 87 , 425. 

|[ Report of the Natl. Sci, Soc. in Freiburg for the session of July 17, 1913. 
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statement * that nickel oxides yield bodies active as hydrogenating 
catalysts, only when reduction to the metallic state has taken place. 
Meigen and Bartels further asserted that the opinion brought for¬ 
ward by Erdmann and Bedford that a suboxide is formed during 
the reduction, is not confirmed. 

In a paper of considerable length f Erdmann endeavors to disprove the con- 
cluaions of Meigen and Bartels. He first reviews the historical side of the hydro¬ 
genation prior to the work of Sabatier and Senderens. An impetus was given 
to the problem of oil hardening by the well-known work of Sabatier and Sen¬ 
derens, who recognized that finely-divided metallic nickel and several allied 
metals are active hydrogen conveyors. Erdmann regards the application of 
their method for fatty substances was natural, although not included within the 
range of their experiments. In 1902 the Herford Oil Works, Lcpriiice and 
Siveke (page 0) applied for a German patent based on Normann’s experi¬ 
ments, and Normann himself applied for an English patent for the conversion 
of unsaturated fatty acids or their glycerides into saturated compounds, em¬ 
ploying as a catalyzer finely-divided mcUls, particularly nickel. According to 
this patent specification, Normann makes use of the i)roocs 8 of Sabatier and 
Senderens of the passing of vapors over a (ontact metal, and also Saytzeff’s 
pn)ce 88 of mixing the contact substance w'ith the lifpiid for the particular ease 
of the hydrogenation of nnsaturated fatty substances. Erdmann has ])ccn 
informed by the applicants for the German patent, that the spe{nrication was 
written on the strength of some test-tube experiments. The patent was granted 
in 1903 t and such rights at least for six yejirs existed on paper only, without 
being carried out on a large scale. In 1908 the Herford Oil Works operated 
an experimental plant for hardening fate, but abandoned it, a.s the process was 
too incomplete and the product obtained was not entirely satisfactory. In 1908 
this firm sold its British and in 1910 its German patents to Crosfield & Sons 
in Warrington. In the factory of this English firm the catalytic process was 
developed, particularly by the work of Kayscr. In 1911 the Dutch firm, Naam- 
looze Vernootschap Ant. Jurgens Vereenigde Eabrieken, acquired a license for 
the use of the process in Germany from Crosfit^d & Sons, and founded the 
Germania Works nt Emmcrich-on-the-Rhine. This plant was put into opera¬ 
tion in 1912, 9i years after the application for the German patent. 

In German Patent No. 266,438, Erdmann claims that he and his associates 
were the first to ascertain that unsaturated fats may be more easily hydrogenated 
by the aid of finely-divided nickel oxide, than by aid of the metal. At the time 
of this application, that is, almost seven years after the granting of the German 
patent for the nickel process, fatty oils were nowhere produced on a factory 
scale in Germany. When Meigen and Bartels state that merely the high price of 
technical hydrogen was the cause of the delay in the development of the Nor¬ 
mann process, Erdmann thinks it shows a remarkable lack of knowledge of 
electrochemical progress. Prom electrochemical factories as early even as 1902, 
many million cubic meters of hydrogen were allowed to escape into the air, 

• J. prakt. Chem., 1914 (2) 89 . 290. 

t J. prakt. Obem., 91 , 469. 

I Gerznazi Patent No. 141,029; British Patent Np. 1515, 1903. In 1908, according 
to Erdmann, Nonnaon sold his rights in the British Patent to Lcprince and Siveke 
'iozsmi 
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because no use was known for it. Thus, as early as 1900, Greisheim-EIektron 
had available in Greisheirn, Ritterfeld and Uheinfclden together about 11,500 
IT.P. for the electrolysis of alkali chlorides. For the conditions then existing 
this oorrtsiponds to an annual production of 21,850 metric tons of caustic potash 
(or 16,100 metric tons of caustic soda) accompanied by the loss of about 4,500,- 
000 cubic meters of hydrogen. There were soon added the great works of the 
Radische Co., with 8000 H.P., then the German Solvay Works, the Hoechst 
Dyestuff Works and various other factories. Erdmann thinks that this hydro¬ 
gen would have been cheaply furnished for the hardening of oil, if the process 
had been technically ready. 

Expkiumkntal WottK BY Ebdmann 

Hydrogenation by Means of Nickel Oxide and Metallic Nickel. If 1 kilogram 
of cottoiusecd oil is heated to 250® C. with 5 g. of nickel oxide produced l)y 
moderate ignition of nickel nitrate, while passing a current of pure hydrogen 
gas at the rate of 20 to 25 liters per minute through the liquid, after one-half 
hour the liquid becomes black like ink. After two or three hours, if the mixture 
is allowed to cool, the mass solidifies to a solid in which the catalyst is sus¬ 
pended. For cottonseed oil, hydrogenation takes plac^ even at 220®, for oleic 
acid, at ISO® to 185® C. 

A comparative experiment made with 5 g. of a nickel oxide, reduced by Saba¬ 
tier’s method at 280® to 300® C. for one hour in a current of hydrogen, with 
repealed agit-ation and the reduce<i material added to preheated cottonseed oil 
(1 kg.) on treatment with hydrogen in the same way os in the fir.Kt, cxj)criment, 
affords no fine division of the ni<;kel. The liquid does not become inky black, 
and on shutting off the current of hydrogen, the nickel powder settles rapidlv. 
Even after passing in hydrogen for many hours, the oil does not l)ecome solid. 
With a per cent of nickel no hydrogenation takes place, unless the nickel is 
converted into finest state of subdivision j)ossible by Bf)ecial methods. 

Two experiments with linseed oil are noted. Nickel oxide used in both 
experiments, wa.s of a voluminous character and was produced by the process of 
German Patent No. 260,009, of Doceml)er 19, 1911, by allowing a concentrated 
nickel nitrate and sugar solution to drop into a glowing muffle. This catalyst 
is referred to as nickel oxide (vol): 

(a) Two hundred and fifty grams of the linseed oil were mixed with 1.25 g. 
of nickel oxide (vol.) and hydrogenated at 255® to 260® C. (5) 1.25 g. nickel 
oxide (vol.) were reduced for one hour at 270® C., then added to 250 g. of the 
linseed oil and hydrogen was passed through for several hours at 255® to 260® C. 


Time in 
Hours. 

Tempera¬ 

ture. 

Solidification Point. 

a 

b 

1 

2G0' C. 

Beginning of hardening, with 

Sample remains light 



ink-black coloration. 

and liquid. 

2 

240° C. 

30,7°C. 

<( 

3 

260° C. 

40.3°C. 

tt 

4 

253° C. 

46.5° C. 

(1 

4- 

261° C. 

47.2° C. 
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The conclusion that nickel oxide and not nickel is the catalyst he considers 
is reached from the chemical and physical examination of the recovered catalyst. 
This, it is true, is complicated by the fact, that it is not possible for this purpose 
to remove all the adhering organic substances. The recovery may be carried 
out by allowing the oil and catalyzer to settle for a day at 60° C. After cooling, 
the lower black layer of the cake is separated from the lightrcolored fat and is 
placed in a Soxhiet extraction thimble. It is then extracted for twenty hours 
with boiling benzol, and dried in a vacuum. The residue is placed in a fresh 
thimble and again extracted for twenty hours with benzol. In this way it is 
possible to recover a catalyst which does not contain more than a maximum 
of 3.5 per cent of carbon. The coal-black powder thus obtained has reducing 
properties. It liberates nitric oxide from nitric acid and hydrogen from dilute 
sulphuric acid. It colors aqueous solutions of phosphotimgstic acid and phos- 
phomolybdie acid blue, and in this respect docs not behave differently than 
finely-divided nickel. The degree of reduction of this substance (which is meas¬ 
ured by tbe hydrogen developed), does not continuously increase with the 
length of time it is used as a catalyst. Erdmann has given two methods by 
which nickel and nickel suboxidc may be differentiated, namely: by the deter¬ 
mination of the electric conductivity and by the carbonyl reaction. By the aid 
of these two methods, he detennined th.at no metallic nickel could be detected 
in the recovered catalyst, and that the reducing properties must, therefore, be 
considered as being due to a lower oxide of nickel. 

For the hydrogenation experiments of the table following, cottonseed oil 
purified in Erdmann’s laboratory, trioleine found by analysis to be pure, and 
the purest oleic acid from Merck, were used. 


(a) Cottonseed Oil Pdiufied dy Steam 


No. 

Amount 
of Cata- 

Temp. * C 

Time] 

Hra. ' 

Solidification. 

Con- 

due- 

Remarks. 


lystGm. 


tivity 




210-220 

3 

,57 2 

0 

No carbonyl reaction 

2 

5 

225 

U 

27.8 

0 

Ni*=74.3%‘.H«102cc. a 

3 

8 

/ 255 

t 218 

i ; 

2 1 

] « 

0 


4 

7 

: 235-238 

31 

40 

0 



7 

240-243 ' 

21 1 

30.5 

0 

Extraction in COi current 

6 


250-255 

2f 

45 

0 

7 

8 

240-244 

6 

33.5 

0 


• 8 

8 

! 250 

\ 230 

1 

IJ 

1 32.3 

0 


9 

8 

/ 250 

\ 230-240 

1 

H 

} 37.7 

0 

Extraction in COi current 

10 

11 

* 239-243 1 

.31 

43.5 



11 

11 

240-245 1 

21 

30 

0 i 



12 

13 

14 


1 

1 

1 


210-220 

210-220 

266 


3 

4 


c&) BtKTHBTIC TrIOIsBIN 

22.5 I ... 

28 

Solid but Bolidifiration point] 0 
not determined 1 


No carbonyl reaction 
No carbonyl reaction 
Extraction in CO< current 


(c) Outc Acin (Merck) 


15 

1 1 

220-226 1 

3 1 

66.6 1 

0 

!Ni-74.4% 

».H-80.7 ce.> 


1 1 1 

200 

6 

57 3 

0 

1 C»3.58% 

H-0.95% 

17 

1 

180-186 

8 

66 

0 

Ni«70.9% 

1 H =81.9 oc. 


»Ni content of t)ie recovered catalyst. , 

•Thia 0gure relates to the amount of hyclrogen (reduced to 0" C. at 760 mm.) produced from 
1 g.'Of the recovered catalyat when treated with HsS04. 

In N<f. 1\2, 3, 4, 5, 6j 12, 13. 14, 16, 16 and 17 voluminousjiickel oxide was used. In Nos. 7, 
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Catalyzer, One Per Cent of Nickel Oxide (Voluminous) 


No. 

on. 

Temp., • C. 

Time, Hours. 

Solidifying 
Point, ®C. 

1 

0 

0 

Bemarks. 

• 

18 

; Refined cottonseed oil.... 

230-246 

3 

39 

+ 


19 

Edible cottonseed oil. 

260 

1 

39.2 

+ 


20 

Pure cottonseed oil hard- 

260 

6 


+ 

Catalyst flocculated 


ened to 57“ 





out 

21 

Hardened linseed oil. 

260 

6 


+ 

Catalyst flocculated 





1 


out. H=294cc. 

22 

Pure cottonseed oil bard- 

19.5-200 

55 


0 

No flocculation 


ened to 57.5® C.* 






23 

Linseed oil. 

( 260 

1 200 

85 } 

52.7 

0 

No flocculation 

24 

oleic acid (Merck). . 

f 250 
\ 200 


63 


Ni = 75.2 per cent 

H =104 cc. 


* Th<i catalyst had aln'udy been used once and recovcHMi. 


Erdmann considers the solidification point of more significance than the iodine 
number, as the latter may be inialejiding, when polymerization has taken place. 
Linseed oil (Test 23) was hydrogenated for one hour at 260® C. then for 8^ 
hours at 200® C. After three hours the solidification point was 46.2® and did 
not increase with further treatment. Nevertheless the catalyst remained well 
divided and did not flocculate out. Nickel fonnation did not set in at 200® C. 
Oleic acid (Test 24) treated with hydrogen at 200® C. gave after nine hours a 
solidification point of 03®, which did not increase in several hours subsequent 
treatment. Nickel likewise was not formed. The conditions are favorable for 
formation of nickel, when a high temperature (260® C.) and a large quantity of 
catalyst are used with an oil such as cottonseed oil, which readily takes up 
hydrogen. The hydrogenation then beconjes so vigorous that the temperature 
in the interior may be raised by the heat of reaction above that of the oil bath 
used for heating purposes. This spontaneous heating, it is stated, favors reduc¬ 
tion to the metallic state. For cottonseed oil 0.5 per cent or at most 1 per cent 
nickel oxide (vol.) suffices perfectly for the hydrogenation. • 

According to Erdmann’s analyses the amount of hydrogen developed by a 
recovered catalyst when treated with sulphuric acid never reached the amount 
of 233 cc. from 1 g. of substance, which would be the amount expected from a 
pure compound having the formula NijO. The amount of hydrogen given off is 
usually not even half as large as that (sec tests 2, 15, 17 and 24 in the above 
tables) and only exceeds it when nickel was produced deliberately and was 
detectable by the conductivity (Test 21). Meigen and Bartels contend that they 
are able to refute Erdmann’s statements by two analyses. (1) 0.1488 g. of 
catalyst produced 43.1 cc. of hydrogen (reduced to 0® at 760 mm.) and 0.1316 g. 
nickel (corresponding to 88.4 per cent). (2) 0.0976 g. of catalyst gave 22.6 oc. 
of hydrogen (reduced) and 0.0725 g. of nickel (corresponding to 74.6 per cent). 

Contrary to the statements of these writers, the nickel content does not in 
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these anals^B exceed that of the nickel suboxide, NijO, os this amounts to 91.7 
per cent. When Erdmann calculated these analytical results for nickel suboxidc 
(NiaO) he obtained from the first analysis the figure 140.4 per cent and in the 
second 134.3 per cent, which, of course, is impossible. Erdmann notes that, in 
some cases a part of the hydrogen generated by the action of acids may be due 
to the formation of hydride. Hydrided nickel oxides of the following forms are 
conceivable: (1) H—Ni (OH); (2) H—Ni—O—Ni (OH); (3) H—Ni—0—Ni—H 
and others. Such hydrides would necessarily produce more hydrogen with acid.s 
than a suboxide (NijO). The assumption that perhaps a mixi.ure of such nickel 
oxide hydrides are present in the catalyst used for the hydrogenation is not a 
purely speculative one, but is corroborated by an examination of the recovered 
catalyst. If the latter, after drying in a current of neutral gas or in a vucuum 
is heated to 250° C. steam, in addition to small amounts of hydrogen, is found 
to be given off. The catalyst, thus heated, sometimes shows electric conductivity, 
i.e., the heating has produced nickel. In other cases, usually when the hardening 
has not been carried far, no nickel can be detected after the heating. 

Electric Resistance. Tubandt, director of the physico-chemical department 
of the University Institute in Halle made some measurements of resistance with 
used nickel oxide catalysts, for Erdmann. 

Preparation of Catalyzers. (1) Linseed oil with 1 per cent of nickel oxide 
(vol.) was hardened for three hours. Solidification point 42° C. Hardening 
temperature 200° C. (one hour) and 210° C. (two hours). (2) Edible cotton¬ 
seed oil, purified by distillation with steam, was hardened with 1 per cent of 
nickel oxide (vol.) for 2J hours at 2.50° to 2.55° Solidification point 44° 0. 

These catalyzers were pre.ssed into tablets of 10 mm. diameter and 2 to 5 mm. 
height by means of a pre.ssure of 1000 atmospheres in a steel cylinder. Elatr 
inum discs with welded platinum wires were pressed against the fiat end sur¬ 
faces of the tablets. In order to insure a contact with the platinum .discs as 
free of induction resistance as possible, the ends of the tablets were gold plated. 
The conductivity measurements were made with a Wheatstone bridge provided 
with alternating current and a telephone receiver. The apparatus permitted 
the measurement of resistances of several millions of ohms with certainty. 
Tubandt made measurements of the conductivity at different temperatures from 
room temperature up to 3tX)° C. 

Catalyst (1) at 16° afforded a specific resistance of 3,000,000 ohms, at 150°, 
1,600,000 ohms, at 200°, after heating for one hour, 376,400 ohms and after 
(iooling to 16°, 300,000 ohms. After beating for two hours up to 300° the fol¬ 
lowing measurements were taken at 300° C., 196.4 ohms and after cooling to 
16° C. 78,560 ohms. The catalyst, therefore, first shows the typical behavior of 
a poorly conducting metal oxide. It conducts decidedly more poorly than pure 
nickel oxide, for which at 17° a specific resistance of 10,720 ohms was deter¬ 
mined. A difference is shown by the decrease in resistance at higher tempera¬ 
tures, finally reaching an almost constant point (when the temperature remains 
unchanged). Erdmann offers the surmise that an explanation may be found in 
the fact that at the higher temperature a part of the suboxide is reduced to 
metaUic nickel by the occluded hydrogen. 

Catalyst (2) at 170° exhibited a specific resistance of 3,000,000 ohms, and at 
61° C. the insistence was 2,266,000 ohms. On further slow heating the resistance 
slowly decreases with the rising temperature. At 270° this decrease is very 
npid. 290° the resistance became 0.207 ohm and at 16° the figure obtained 
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waa 9.1524 ohms. Tho phenomena are analogous to those observed in (1), 
except that on heating, so much nickel is formed that the substance becomes 
readily conductive. The temperature coefficient of conductivity before heating 
is positive—the suhoxide being an electrolytic conductor of the current—and, 
after heating, the coefficient is negative (metallic conduct.ion). 

Erdmann concludes that all these measurements indicate the used nickel 
oxide catalyst not to contain metallic nickel, at least not in appreciaJde quanti¬ 
ties. When nickel is actually present, either added to the catalyst at the start, 
or formed by the occluded hydrogen on heating the oil-free catalyst, it can be 
detected by measuring the electric conductivity. 

Erdmann made various observations by means of the nickel carbonyl reaction 
to prove the presence or absence of nickel. Experiments were carried out as 
follows: 5'J to 100 g. of the oil were heated with the addition of 1 to 2 per cent 
of nickel oxide (vol.) in a Hask (only veasels of glass can be used), with bottom 
tube, and the oil hydrogenated to a solidification point of 28“ to 33“ C. The 
glass flask was then heated in a wa(er-hath at 30“ to 35“ C. Hydrogen was 
replaced by pure dry carbon monoxide which was led into the flask by means 
of a T tube from a gasometer. Thus, there was no necessity of transferring 
and expiring hardened fat during the test. For a iieriod of fifteen to thirty 
minutes no nickel mirror was formed on heating the escaping gas passing through 
a glass tube used for the mirror test. A colloidal solution of metallic nickel in 
oil, obtained by electric atomizing of reduceil nickel into linseed oil, was tested 
in the same way; SO oc. of the colloidal solution, whose nickel content was 
0.046 g., were placed in the flask. A nickel mirror was at once obtained. A 
nickel mirror was obtained within three minutes when carbon monoxide was 
passed over dry mel.allic nickel at 34° C. which had Ijcen obtained by reducing 
0.13 g. nickel o.xide (vol.) with hydrogen. 

By those to.sts, Erdmann considers it is proven, even when only small amounts 
of nickel arc present, that a temperature of alamt 30“ C. is actually sufficient 
for the formation of the nickel carbonyl. If at 30“ C. during the course of 
fifteen minut.es no mirror is produced by carbon monoxide, Erdmann states this 
proves the absence of metallic nickel. 

The following experiments also were made: 

One hundred cc. cottonseed oil were hardened with the addition of 1 g. 
nickel oxide (vol.) for 5 hour at 250“ to 255“ C. The ink-like liquid was then 
treated at 50° with dry carbon monoxide in the same flask. The escaping gas 
flowed through a heated glass tube and then was ignited. In the first ten min¬ 
utes no mirror was formed, nor were any dark spots formed on a piece of por¬ 
celain when held over the flame. After seventeen minutes such spots were 
formed and a nickel mirror appeared. After thirty minutes the mirror was 
heavy, the carbon monoxide flame had an internal cone with a luminous point 
and readily deposited nickel spots on porcelain. The experiment was repeated 
at 60“, at 70° to 75“ and at 80“ to 85°. Highly hardened cottonseed oil was 
also used, but without producing any change in the result. A certain period df 
time always elapses before a deposition of nickel becomes noticeable. However, 
it is easy to overestimate the amounts of nickel deposited. The weight of the 
heavy-appearing nickel mirror deposited during half an hour at .50“ in the above 
experiment amounted only to a few tenths of a milligram. A second experiment 
at 70“ to 75° for a full hour furnished a nickel mirror of 2.2 milligrams and a 
third at 80° to 85“ for one hour a mirror weighing 2.7 milligrams. 
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The dependence of the reaction on the temperature, and its almost negative 
result at 30° point to a reducing action by the carbon monoxide. 

By a determination of the amount of carbon dioxide formed, it is proven 
that at 80° to 85° C. carbon monoxide has a reducing action on the nickel 
compounds contained in the hardened fat. 

A thesis by Agde * considers the subject of nickel oxide as a cata¬ 
lyzer, from a number of aspects. In order to study the question 
whether, and under what conditions metallic nickel is formed during 
the hydrogenation of fatty substances in the presence of nickel oxides, 
it appeared necessary to use as raw material for the experiments, 
chemically pure substances, or at least natural fatty oils purified as 
far as possible. Only under such conditions is it possible to exclude 
secondary reactions. Agde has therefore mainly used chemically pure 
oleic acid, .synthetic triolein and a cottonseed oil carefully freed of 
aldehydes. 

If voluminous nickel oxide prepared from nickel nitrate, as used by Agde 
in most of the experiments, is introduced into the hot oil and hydrogen passed 
through in a vigorous current, then the grey color of the catalyst is changed to 
yellow-green. It then spreads through the oil, more or less rapidly, depending 
on the temperature, colors the oil grey and finally black. This last change of 
color into grey to black is an indication of the commencement of the hardening 
of the oil. With the glycerides this distribution takes place more rajjidly and 
completely than with the free fatty acid. Agde has also determined that with 
the glycerides colloidal transfusion or distribution occurs. When the black 
liquid is treated with benzol, then filtered through hardened filter pajjer, clear 
deep brown filtrates were obtained which were examined under the ultramicro¬ 
scope. The filtrate from synthetic triolein showed mainly amicrons and that 
from cottonseed oil only sulnnicrons. 

A nickel oxide catalyst used for a second time, distributes in the oil at once, 
thereby shortening the time for the hardening. The c.atalyst cannot be used 
as often with oleic acid as with a glyceride. The frequency of this re-u.se nat¬ 
urally also depends upon the original amount of the catalyst. With 2 per cent 
of catalytic substance successive portions of oleic acid could be highly hardened 
three times. With 1 percent of catalytic substance the nickel oxide was floc¬ 
culated out when used a third time—a sign that its activity was ceasing and 
with I per cent of catalyzer this flocculation took place during the second hard¬ 
ening of the oleic acid. 

The required initial temperature varies for different oils. For oleic acid it is 
comparatively low, Agde determined it as being 180° to 185° G. But at such a 
low temperature the hardening lakes place slowly. Over seven hours duration 
were necessary to reach a solidification point of 56°, while the same re.sult was 
obtained in three hours at 225° C. This Is in part caused by the fact that the first 
phase, the distribution stage, requires a long time. The course of the hardening 
of oleic acid was ascertained for the temperatures from 180° to 250° C. For 
glycerides, such as triolein, cottonseed oil and linseed oil, the initial temperature 

* Halle, 1914, under Dr. Erdmann. 
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lies beyond 200° C. (for triolein at 210° to 220° C.) But when once the hydro¬ 
genation has started the temperature ean be lowered for its further progress. 
Agde, therefore, differentiates between initial temperature and hardening tem¬ 
perature. Oleic acid hardening takes place at 100° to 110° if it has once been 
started. 

The hardening curves up to a certain degree rise sharply an then curve more 
gradually. The commencement of the gradual curvature is dependent on the 
hardening temperature and the amount of the catidytic substance. With a hard¬ 
ening temperature of 250 and 1 per cent of catalytic substance this curvature 
is found at the solidification point Gl° for oleic acid; for triolein it i.s at about 45°. 

The formation of nickel aside from l)eing produced by the nldehydic impuri¬ 
ties already mentioned according to Agde can be occasioned only by overhardening. 

It is favored by a high hardening temperature. Although the catalyst was still 
tree of nickel, after hardening oleic acid for 41 hours at 250° C. to solidification 
point of 03° the metal was formed after hardening for fij hours at 255° to a 
solidification point of 64°. Oleic acid couhl, however, be hardened at 200° and 
treated for fifteen hours with a strong current of hydrogen (5 liters jier minute) 
without it being posailile to detect inctalhc nickel in the catalyst. 

In general, Agde states, with faulty carrying out of the harilening ojieration 
or with iioor catalysts, oleic acid will give occasion for the formation of niefallic 
nickel more readily than is the case with the glycerides. I'his is shown by an 
experiment in which basic nickel carlxinatc was .adderl to free oleic acid at ordi¬ 
nary temperature, whereupon it was wanned very slowly. Under the.se condi¬ 
tions nickel oleute is formed, which seta nickel free at a high temjicrature under 
the influence of hydrogen. The catalytic action is thereby dc.s1,roycd; for the 
nickel which is jiroduccd in this way is in the fonu of metallic scale.s and accord¬ 
ing to -Agde has as little power to transfer hydrogen as has the reduced nickel 
formed by over hardening the oil 

Preparations of nickel oxide, which—on account of the admixed impurities 
which they contain (for instance, too high nn alkali content), do not transfuse 
or distribute in the oleic acid—may also lie reduced to nickel accompanied by a 
loss of their catalytic activity. In the apparatus used, a flask with bottom inlet 
tube, this is favored by the fact that the nickel oxide is precipitated as a heavy 
deposit in the bottom tube, while the oil is forced out of the tube by the strong 
current of hydrogen, thus the nickel oxide is heated directly in a hydrogen 
atmo.sphere. 

The criticism that metallic nickel loses its conductivity by being acted on by 
the oxygen of the air during the recovery of the catalyst is also refuted by 
Agde, who filtered and extracted the catalyst in a current of carbon dioxide, 
but the results were the same as those from the experiments made without 
the use of this gaseous atmosphere. The test for the presence of metallic nickel 
by means of carbon monoxide is also negative for normal hardening. But the 
temperature during the action of the carbon monoxide must not be too high, as 
otherwise nickel oxide, it is stated, is also reduced by it and converted into 
nickel tetracarbonyl. 

In a number of cases Agde made a quantitative analysis of the used nickel 
oxide catalyst which had been carefully decreased by means of benzol. It may 
be noted here that the nickel content lay between 75.2 per cent and 77.1 per 
cent, the carbon content between 2.9 per cent and 6.2 per cent and the hydrogen 
content between 0.7 and 1.3 per cent. The amount of hydrogen produced by 
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acids varied between 80.7 and 108.f> cc., calculated for 1 k- of catalyst, while 1 g. 
of a nickel suboxide, NbO, theoretically yields 167.9 cc. of hydrogen (1 g. of Ni^O 
can furnish 233.1 cc. of hydrogen). When the recovered catalyst has been used 
for hardening for a long time and at a high temperature, it develops foul- 
smelling gases when mineral acids are poured over it. These gases have an odor 
which remind one of the odor produced when iron carbides are dissolved in 
mineral acids. If the hardening be carried out at low temperatures, or f it 
is of short duration, this odor cannot be perceived. Furthermore the observa¬ 
tion was made that the recovered catalyst on l)eing heated over 200® C. develops 
hydrogen and at 250° to 275® C. splits off water. In addition small amounts 
of carbon monoxide were also set free. This development of gas and steam also 
takes place when a perfectly anhydrous nickel oxide and a carefully dried oil 
had been used for the hardening. 

The final product of the hardening of oleic acid is a stearic acid having a 
melting-point of 63° which corresponds to an iodine number of 15.6. With 
triolein, however, an iodine number approximately zero is at.tained. The saponi¬ 
fication number in this case agrees with that for pure tristearin and the acid 
number is zero. Therefore, during the hardening, nickel oxide does not produce 
any saponification. 

Agde performed some experiments with several other organic bodies, in addi¬ 
tion to oleic acid and fatty oils, in order to determine how nickel oxide suspended 
in the^e substance.’? behaves when heated during the pjissing through of hy<Iro- 
gen. With paraffin and diphcnylamine there resulted a rapid reduction to 
metallic nickel. In paraffin the nickel is alrc.ady detecttable after one-quarter of 
an hour, and after one hour the nickel content of the recovered catalyst amounts 
to 94.9 per cent. In the presence of beta-naphthol, acetanilid, anthracene or 
phenathrene, however, there is also a reduction of the nickel oxide but after 
from one to four hours treatment with hydrogen at 250® it is not reduced to 
the metallic state. Evidently the last-named substances exert a protecting influ¬ 
ence on the metallic oxide. No connection between the division or distribution 
of the nickel oxide and the viscosity of the sulwtances could be proven. 

Agde considers his studies to have proven beyond all doubt that in the oil¬ 
hardening process of Bedford and Erdnuinn, metallic nickel is not the conveyor 
of hydrogen. He claims that easily avoidable errors have been discovered which 
explain the chance formation of nickel and which undoubtedly caused such a 
formation in the experiments of Mcigen and Bartels. The determination that 
the nickel produced by a reduction process in the oil, is not capable of acting 
as a catalytic hydrogen conveyor, A^e believes furnishes ample confirmation 
of this V ew. 

Concerning the mechanics of the catalytic activity of nickel oxide, it may be 
noted thatr Ipatiew has already advanced the idea, and Bedford and Erdmann 
have brought forth experimental indicat'ons that some lower oxide of nickel is 
the actual conveyor of hydrogen. But this does not exclude the possibility 
that perhaps nickel oxide (NiO) is also capable of taking up and transferring 
hydrogen without being reduced. 

Senderens and Aboulenc * assume the formation of a nickel suboxide during 
the reduction of nickel oxyhydrates below 300° C. Such an intermediate phase 
is also indicated by the results of work by Sabatier and Espil t on the reduction 
of nickd oxide in a current of hydrogen at different temperatures. For instance, 
•Z. angew. Chem., 1913,26, 209. fComp. rend., 1014, 158, 668. 
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when 75 per cent to 79 per cent of the oxygen which is combined with the 
nickel, is converted at 200* C. into water, the curve of the velocity of reduction 
assumes an entirely different direction, as the speed drops greatly. This is a 
sure sign, Agde states, that an intermediate product, i.e., a lower nickel oxide, 
has been formed which is reduced much more slowly than the initial oxide. 
For the suboxide formed by the reduction in a current of hydrogen, Sabatier 
assumes the formula Ni 40 , but the way in which he calculates this "formula is 
not very convincing to Agde. In doing this he appears to neglect the fact, that 
during the first phase, the sharp ascent of the curve, nickel suhoxide is also 
further reduced to nickel, and also he does not take into consideration the fact 
that the speed of reaction is a function of the surface. In Agde's opinion the 
formula, Ni 40 , of Sabatier has no value other than to show that during the 
reduction of nickel oxide in a cuirent of hydrogen at temperatures of 180“, 200“ 
C. and higher, a nickel suboxide is produced as an intermediate phase. 

Agde observes that the conditions for the reduction of the nickel oxide sus¬ 
pended in oil are materially different than those occurring during the reduction 
in a dry atmosphere of hydrogen. If, as Sabatier observed, small amounts of 
water considerably slow down the reduction of nickel oxygen compounds, Agde 
thinks it is safe to assume that large amounts of fatty oils will possess such 
a delaying action to a still higher degree. At all events, he continues, an ex¬ 
planation of the fact that, as proven, no nickel is produced during the Imrdening 
of the oil, but that the reduction here ceases at an intermediate phase as a nickel 
suboxido, is furnished by Erdmann* in a most plausible way )>y his assumption 
of an addition compound of the nickel oxide with unsaturated fatty substance. 
By such assumption that the nickel sulK)xidc first formed enters a complex 
compound l)y addition and is shielded from any further reduction by hydrogen 
an explanation is afforded of the results noted. Examples of this kind arc to 
he found in other fields. For instance, palladium chloride is not precipitated 
from an acetone solution by the introduction of hydrogen as it combines with 
the ketone to form a double compound, while palladium solutions which do not 
contain such a double compound are rapidly reduced to the metallic state by 
hydrogen. That atoms of a metal may add themselves directly to carbon is 
proven by many examples in organic chemistry, such as zinc-methyl, the organo- 
rnagnesium compounds of Grignard, nickel tetracarbonyl, acetylene copper and 
acetylene-silver. Reference also should be made to the work of Fokin f on the 
addition of metallic oxides or of metallic hydroxides to form double-compounds. 
This experimenter has 8ho\vn that during the hydrogenation of glycerides, com¬ 
plex compounds of platiiious hydroxide with unsaturated fats are produced in 
the form of sols. 

The phenomena which take place during the hydrogenation of unsaturated 
fatty substances with nickel oxide Agde asserts arc to be considered in an 
analogous w^ay. The constitution of this hypothetical addition compound of 
nickel suboxide can be pictured in the following way; 

I 


H—C—Nk 

I / 

II—c— n/ 


o. 


•Oester. Chem. Zfg., 16, 293, Abstract. 

t J. Russian Phys. Chem. Soc,, 1910, 42, 1075, also 1912, 44> 063. (See Chem. Ztg., 
1913, 37 , 61, and Chem. Centr., 1910, Part 2, 1743. 
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In the further progress of the hydrogenation, the addition compound, having 
become charged with hydrogen mipposedly is then split up into the saturated 
fatty substance and a nickel euboxide containing hydrogen, to which may be 
ascribed the formula: 


H—Nis^ 
II—Ni^ 


0 . 


When the hydrogenation has progressed so far that only a small amount of 
unsaturated compound still remains, then if the temperature is high enough, the 
nickel sui)Oxidc is further reduced to metallic nickel as is also the case if nickel 
oxide is treated with hydrogen in the presence of stearic acid or paraffin at 250“ 
C. But the presence of the fatty acid advances the reduction temperature of 
nickel auboxide so high that the formation of nickel at 200° C. does not take 
place even after treating with hydrogen for fifteen hours. 

Certain aromatic substances, such as acetanilide, cinnamic acid, /3-naphthol, 
anthracene, and phenanthrene, have, as Adge was able to determine, the prop¬ 
erty of protecting the nickel oxide from being reduced down to the metal, without 
taking up hydrogen themselves at ordinary pressure. 

Regarding the more *or less fine division of the catalyst the following may be 
noted: An exceedingly fine division of the cat4dyst takes place in connection 
with the reduction of the nickel oxides in unsaturated fats, hut fur various sub¬ 
stances varying degrees of fineness are observed. As already mentioned, with 
the glycerides, the degree of subdivision is actually colloidal, but not with oleic 
acid and the other organic compounds used for the experiments. The original 
supposition of Agde that the degree of division might stand in relation with the 
viscosity of this substance has not l>ecn corroborated, for linseed oil and glycerine 
have the same degree of viscosity and the state of division is colloidal in the 
former, but not in the latter, Agde has, therefore, accepted the assumption of 
Bedford and Erdmann that this division is related t4) the unsaturated condition. 
Presumably, Agde states, there is formed an addition-compound of an unsaturated 
organic body and the lower nickel oxide, which has the property of existing in 
the colloidal condition. The purer the oils, the more easily is a colloidal division 
obtained, but in this connection the temperature and the length of hardening 
also have some influence. 

The hypothesis of the formation of an addition compound serves in the first 
place as an explanation of the stability of the nickel suboxide toward hydrogen. 
But other reasons also bespeak the entrance of the nickel oxide into organic 
combination. Bedford and Erdmann have already called attention to the fact 
that it is impossible to entirely free a catalyst, used for fat hardening, of its 
content of organic substance, by extracting with benzol, similar to the way in 
which Wieland • treated palladium black. However, Agde found that the nickel 
oxide treated with hydrogen in molten paraffin or diphenylamine could be 
obtained absolutely free of carbon after extraction with benzol. 

The appearance of s nickel carbide-like substance Agde believes also points 
with certainty to -a compound of nickel with carbon. Furthermore, the fact 
that during the Tiardenisg no saponification of the triolein is brought about by 


♦ Ber., 1912, 45 , 488. 
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the nickel oxide leads to the assumption of the formation of an addition-com¬ 
pound.* 

The fact that the hydrogenation cannot be completed with older arid, indi¬ 
cates that a condition of equilibrium takes place here, between <»lcie acid, its 
addition-compound and stearic acid. This condition of equilibrium is constant 
at 200® C. but at 250® with continued introduction of hydrogen, is displaced 
and the nickel suboxide set free is then further reduced to nickel. 

Another communication by Normann f on the hydrogenation of 
fats in the presence of metallic nickel and nickel oxide refers to the 
findings of Erdmann that the hydrogenation of fats is effected more 
rapidly in the presence of unreduced nickel oxide than with cata¬ 
lyzers of nickel reduced from such oxide, whereas Normann's experi¬ 
ments give different results, nickel oxide mat-crial being rendered 
active only after reduction to the metal. 

Normann observes that comparative experiments with different nickel oxides 
and with the metal reduced from them have shown that the activity varies with 
the physical form of the metal. In the case of some forms no hydrogenation could 
be brought about. In all cases Normann oliserves the metal was superior to 
the oxides. For instan(;e lie note.s that certain impurities in commercial oxides 
have an unfavorable effect upon the metal reduced therefrom. He found that a 
small amount of hydrochloric acid hud no effect on the oxide l)Ut produced s 
stimulating effect on the metal. Salt Ixihavcd in an analogous manner. Sul¬ 
phuric acid, he claims, promotes the activity of both oxide and metal catalysts 
when present in small amount. Ho also mentions a fact long known to oil- 
hardening chemists that the hydrogenation of oils may be carried out tech¬ 
nically by means of metallic nickel without any carrier. 

A series of comparative teste have been carried out by Siegmund 
and Suida J on the relative value of nickel and nickel oxide in 
hydrogenating oils with hydrogen at atmospheric pressure. 

The oils used were: 

A. Linseed oil, iodine number 176.2, acid number 6.07. 

B. Linseed oil, iodine number 170.5, acid number 3.58. 

C. Cotton oil treated six hours in vacuo at 150° to 160° C. 

with steam to remove aldehydes, dried for two 
hours in vacuo at 140° to 150° C. in contact with 
hydrogen. Iodine number 99.2, acid number 0.32. 

D. Cotton oil, iodine number 105.8, acid number 0.89. 

E. Rape oil, iodine number 101.9, acid number 6.61. 

F. Sesame oil, iodine number 102.3, acid number 3.44. 

* Metal oxides free of water are observed always to bave a saponifying action on fats 
at 2fi0. C. (For literature see Hefter. Technologic der Fette und Oele, 1910, Vol. Ill, 
£23.) Furthermore by the reduction of NiO to suboxide, some water is formed. 

t Chem. Ztg., 40, 757; J. S. C. I., 36, 1070; Chem. Abs., 1917, 1321. 

t J, Prakt. Chemie, 1916, 442. 
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The following catalytic materials were employed: 

(а) Voluminous nickel oxide prepared according to Bedford and 
Erdmann by dropping small portions of a solution of nickel nitrate and 
sugar on a surface heated to a low red. The product contained carbon, 
0.42 per cent, hydrogen, 0.66 per cent, and nickel, 76.67 per cent. The 
calculated content of nickel in nickel oxide, NiO is 78.57 per cent. 

(б) Metallic nickel, obtained by reduction of voluminous nickel 
oxide in hydrogen at 280° to 290° C. 

(c) Basic nickel carbonate (Kahlbaum). 

(d) Nickel formate, prepared by dissolving nickel oxide, or better, 
basic nickel carbonate in warm formic acid, evaporating the solution 
and repeatedly crystallizing from a weak solution of formic acid. 
The crystals were dried over sulphuric acid. The product corre¬ 
sponded to the formula Ni(HC 02 ) 2 + 2 H 20 . 

The Hydrogenating Procedure 

The oil was placed in a glass flask (Bedford and Erdmann type) 
and heated in an oil bath to 120° to 180° C. while a slow stream of 
hydrogen was passed through. The catalyzer was then added and 
the hydrogen current increased to 15 to 20 liters per minute, while 
the temperature was raised to 230° to 260° C. and was maintained 
at this point during the entire hydrogenation stage. After harden¬ 
ing, the fat was filtered from the catalyzer in an atmosphere of 
carbon dioxide. Fuller’s earth was added and a second filtration 
made to render the fat free of catalyzer. 

NICKEL OXIDE AS A CATALYZER. 


250 g. of linaeed oil, A and B, were used in each of the, following teats. 


Teat No. 

Iodine No. 
of Oil Used. 

A mt. of 
Cttlalyscr 
in Gms. 

Hardening 

Temperature 

l.itera of 
Hydrogen 
P4;r Minute 

Period of 
Hardening, 
Houra. 

1 

Iodine No. 
of Product. 

XX 

170.5 

2.5 

250-260° C. 

18 

2 

144 

XX 

170.5 

2.5 

250-260° C. 

18 

1 

111 

XX 

170.5 

2.5 

250-260° C. 1 

18 

u 

86.6 

XX 

170.5 

2.5 ' 

250-260” C. 

18 

2 

62.4 

XX 

170.5 

2.5 

250-260° C. 

18 

3 

19.8 

I 

176.2 

2.5 

240-260° C. 

18 

3i 

5.34* 

VI 

176.2 

5.0 

273-258° C. 

10 

19 

1.05 


450 g. cotton oil D were used 

in the following 


vm 1 

105.8 

4.5 

237° 1 

20 

1 

45.75 

IX 

105.3 i 

4.5 

230-243° 

20 ' 

2 

'16.8 

X 

105.8 

4.5 

244° 

20 

3 

1 

5.03 


* SpUdified at 35.2 after two hours; 42.5° after 2| hours, and 47.4° after 3f 
hours.". 
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HARDENING OF LINSEED OIL WITH BASIC NICKEL CARBONATE. 
500 g. Oil A. 10 g. Calalyjer, 


Temp. 

Time. 

Iodine No. 

232° C. 

1 hour 

66 9 

232-252 

2 hours 

45.3 

233-265 

3 hours 

37.3 

245-256 

41 hours 

25.5 


HARDENING OF SESAME OIL WITH BASIC NICKEL CARBONATE. 
450 g. Oil. 6.8 g. Catalyzer. Temperature 24I°-248° C. 


Time. 

lodme No. 

SolidificatiOD Point. 

1 

3 

73.3 

18° 

1 

65.2 

25.6 

U 

58.0 

31.6 

2 

54.5 

34.8 

21 

50.3 

37.7 

3 

43.8 

39.8 


COTTONSEED OIL C AND D, RAPESEED OIL E USING BASIC NICKEL 
CARBONATE 


Amount ot Oil. | 

Kind. 

Amount of 
Catalycer. 

Temp. 

1 Time. 

Iodine No. 

ISO 

c 

3 

237-258° C. 

2} hours 

68.7 

280 

D 

4.2 

248° C. 

6 hours 

26 3 

450 

E 

6.8 

248-250° C. 

1 

2 hours 1 

1 

58.5 


LINSEED OIL B, USING A MIXTURE OF METALLIC NICKEL AND 
NICKEL CARBONATE 

0.15 g. reduced NiO with 5.88 g. Nickel Carbonate. 


Temp. 

Time. 

Iodine No. 

235-243° C. 

1 hour 


240-250° C. 

3 hours 



300 g. oil used in each case. 


LINSEED OIL B, WITH NICKEL FORMATE. 


Temp. 

Amount of Nickel Formate. 

Time. 

Iodine No. 

243°-2S7° C. 

8g. 

2 hours 

24.7 

208°-216° C. 

8g. 

3 hours 

3.5 


300 g. oil used in each case. 
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UNSEED OIL A, WITH METALLIC NICKEL AS (JATALYZEK. 


250 g. Oil, 2.5 g. Catalyzer, Temperature 242-252° C. 


Time. Hours. 


Itxiiiir No. 


1 

1 

li 

2 
2i 
3 


155.7 

147.4 

140.9 

134.5 

126.9 
120.4 


If the values found for linseed oil are charted, the following curves are 
obtained. Fig. 47d. 



Fia. 47<f. 


From the curves Siegmund and Suida conclude that the speed of reaction, 
other things being equal, is greater for the whole reaction period for nickel 
oxide than for nickel carbonate. For the latter it is only very great at the 
beginning and it is smallest for metallic nickel. The mixture of metallic nickel 
with nickel carbonate at first has the greatest speed of reaction but this is later 
surpassed by that of nickel formate. Meigen and Baitels • state: “ If water 
plays any role then the speed of reaction when using nickel oxide (as already 
emphasized by Ipatiew) must be initially greater than with nickel, as a larger 
amount of water can be formed from the oxide. Ipatiew believes that he has 
found corroboration of this in his experiments.” The above experiments are 
claimed to be a new proof of the correctness of this view. The latter explains 
at once why the initial speed is greater when utilizing basic nickel carbonate 
or basic nickel formate as catalysts than with nickel oxide. That nickel 
and nickel carbonate and particularly nickel formate have a somewhat greater 
reduction catalytic action than nickel oxide may be sought for, on the one 


*J. prakt, Cbem. (2) 8g, 292, 1914. 
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hand in their greater initial speed of reaction, and on the other hand, that with 
them an oxide poorer in oxygen (nickel auboxide) is more readily formed. < 

From the analyaea of the used and purified catalysts it appears that all con¬ 
tain organic substances in a form insoluble in benzol, in greater or lesser amounts. 
If we take into consideration the fact that all the oils used for the experiments 
contain free fatty acids, the conclusion is probably justified that the organic 
substance contained in the used and purified catalysts is a nickel salt of a fatty 
acid. (According to actual experiments nickel oleate is soluble and nickel 
stearate insoluble in benzol). All used catalysts were attracted more or less by 
magnets with the usual characteristic brush formation. 

Experiments made by Siegmund and Suida gave evidence that on heating 
nickel carbonate at 250° C. in a current of hydrogen in oils almost entirely 
free of acid, large amounts of carbon dioxide escape. On using oils not free of 
acid, there will first be a formation of nickel soap with evolution of carbon 
dioxide. 

Nickel formate, was gradually heated up to 250° C. in a current of nitrogen 

in a metal bath. Duration of the heating, one hour. The escaping gases were 

led over glowing Cut) and then through a CaCh tube and a potash bulb. 

Calculated for Ni(HCOj)j+2HOj Found 

(Xb 47.37 per cent ( = 12.92 per cent C) 47.23 per cent ( = 12.88 per cent C) 

HjO 29.16 per cent (= 3.12 per cent H) 28.10 per cent (= 3.12 per cent H) 

Residue 33.83 per cent. 

Nickel formate was heated gradually as above up to 250° C. for 1} hours in 
a current of nitrogen in a metal bath. The escaping gases were freed of water 
and COj direct in the CaClj tube and potash bulb without previous passing over 
CuO. 

Calculated for Ni(HCOj)t+2HiO Found 

COj 47.37 per cent ( = 12.92 per cent C) 42.30 per cent ( = 11.54 per cent C) 

H 2 O 29.16 per cent (= 3.23 per cent H) 18.62 per cent (= 2.07 per cent H) 

Residue 34.27 per cent. 

Accordingly by simple heating to 250° C. nickel formate is decomposed into 
COj, CO, H 2 O and hydrogen and there remains a product which in addition to 
31.51 per cent of nickel, in the main contains oxygen also. 

This residue is dark grey-black in color and is magnetic. Its specific gravity 
is 5.788 at 20° C., its conductivity is zero. The composition is approximately 
NijO and the carbonyl test gave no evidence of metallic nickel. In order to 
ascertain the behavior of nickel formate at a somewhat lower temperature, it 
was heated for IJ hours in a current of nitrogen to 200° C. In this time the 
absorbmg apparatus took up 9 62 per cent CO. and 11.17 per cent H20, showing 
that nickel formate begins to decompose at temperatures under 200° C. 

The conclusions of Siegmund and Suida are that: 1. Under ordinary pressure 
the hardening of fat takes place incomparably more rapidly with nickel oxide 
than with metallic nickel. 2. When using nickel carbonate and nickel formate 
as catalysts the hardening of fat proceeds exactly in the same way as when nickel 
oxide is used. 3. The used catalysts obtained when nickel oxide, nickel carbon¬ 
ate, nickel formate and metalhc niokel-hnickel carbonate are used have approxi- 
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mately the same composition. 4. The hardening of fat with nickel carbonate, 
nickel formate, or a mixture of nickel+nickel carbonate is identical with the 
hardening when using nickel oxide. In this hardening a low oxide of n ckel is 
the conveyor of the hydrogen. This hardening is materially different from that 
made with metallic nickel. 5. In those hydrogenation processes in which a low 
nickel ojude is the hydrogen conveyor, water plays a role. 



CHAPTER IX 

NICKEL CARBONYL 

Owing to the interest manifested in nickel carbonyl as a source of 
catalytic nickel and because of the difficulties encountered in its prepa¬ 
ration the following extracts from various publications on the subject 
are appended. 

The action of carbon monoxide on nickel was noted by Mond and 
associates in 1890.* When carbon monoxide is passed over finely- 
divided nickel, such as is obtained by reducing nickel oxide by hydro¬ 
gen at about 400 degrees, at a temjrcrature between 350 and 450 de¬ 
grees, carbon dioxide i.s formed, and the nickel is gradually converted 
into a black, amorphous powder, consisting of carbon and nickel; 
the composition of this deposit varies widely with temperature and 
time, A small quantity of nickel can thus change a very large amount 
of carbon monoxide, the action being complete and rapid at first, and 
continuing, although at a diminishing rate, for several weeks. A 
product containing as much as 85 parts carbon to 15 parts nickel was 
obtained. Acids only partially remove the nickel; the carbon is very 
readily acted on by steam, carbon dioxide and hydrogen without a 
trace of carbon monoxide being formed at a temperature of 350 degrees. 

On allowing the substance to cool in a current of carbon monoxide, 
it was noticed that the flame of a Bunsen burner into which the escap¬ 
ing gas was introduced became luminous, and when the tube through 
which the gas passed was heated, a deposit of nickel, mixed with a 
small quantity of carbon, was obtained. Mond and his associates 
were thus led to discover the existence of a volatile nickel compound. 

To prepare this compound a combustion tube was filled with nickel 
oxide and this was reduced by hydrogen at about 400 degrees; after 
cooling the nickel to about 100 degrees, pure dry carbon monoxide 
was passed over it without further heating, and the issuing gas led 
through a tube placed in a freezing mixture; the major portion of the 
nickel compound condensed as a colorless liquid; but since the gas 
retained about 5 per cent, it was collected, dried and again passed over 
the metal. When no more liquid condensed, the nickel was again 

* Mond, Langcr and Quincke, Proc. Chem. Soc. (1890), 112; J. S. C. I. (1890), 
808. 
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heated to about 400 (Iogro(*s in a slow current of pure carbon monoxide; 
it was then cooled to alwtit 100 degrees, and again submitted to tiie 
action of the gas. 

Nickel carbonyl thus prepared is a colorless licpiid, which boils at 
43 degrees under 751 mm. pressure; its relative density at 17 degrees 
is 1.3183. It solidifies at -25 degrees to a mass of needle-shaped 
crystals. Its composition is represented by the formula Ni(CO) 4 . 
It dissolves in alcohol, and more readily in benzene and chloroform; 
dilute acids and alkalis have no action on it, but it is oxidized by con¬ 
centrated nitric acid. It reduces an ammoniacal solution of cupric; 
chloride, and also causes the separation of silver from an ammoniacal 
Si lution of silver chloride. It interacts with chlorine, forming nickel 
chloride and carbon oxychloride. It is decomposed at 180 degrees 
(in boiling aniline vapor) into nickel and carbon monoxide. The 
atomic weight of the depo.sitod metal was found in three experiments 
to be 58.52 to 58.64, a result clo.sely corresponding with Russell’s 
value, 58.74. 

Numerous cxi)erinu'ntB to obtain similar comiwunds with other metals, notably 
with cobalt, iron, copper and platinum, led to negative results. On experimenting 
with specially-purified cobalt, in the beginning a slight coloration of the Bunsen 
flame into which the gas was led was noticed, but after a time this was no longer 
observed. Commercial cobalt affonled a gas whieh deposited a mirror of pure 
nickel, it being possible, in fact, to purify cobalt from nickel by carbonic oxide. 
The nickel mirrors obtained by heating the carbonic oxide compound do not appear 
to contain any trace of cobalt. 

Martha (Chem. Ztg. (1891), 915; J. S. C. I., 1891, 837) has recorded some prop¬ 
erties of nickel carbonyl which arc of interest. He used some impure ferriferous 
nickel oxide as the source of the metal. Under these circumstances the condensed 
nickel compound has always a yellow tinge, and contains iron, as do also the nickel 
films obtained by heating the conducting tube. The liquid after standing for a 
few hour.s, even in a sealed tube, deposits a brown compound containing iron, which 
often explodes with great violence when the liquid is poured oft, the aides of the tubo 
being simultaneously covered with a film of nickel. An apple green precipitate 
containing nickel is occasionally deposited, together with the brown iron compound, 
and adheres strongly to the sides of the tube. The vapor of the liquid compound 
exploded upon one occasion very violently, either owing to the presence of a particle 
of the iron compound or to its own explosive properties. 

Berthelot * notes that the vapor tension of nickel carbonyl (boiling 
point 46° C.) at 16° C. is about one-fourth of an atmosphere. A drop 
of the litiuid allowed to evaporate spontaneously forms a certain 
quantity of crystals, which consist of the solidified substance, and 
speedily volatilize, on continued exposure. It has no sensible tension 
of dissociation "at the ordinary temperature, but in contact with air 
• Bull. Soc. Chim. (1892), 13 , 431. 
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oxidizes rapidly. The precise mechanism of oxidation varies accord¬ 
ing to the conditions under which it takes place. For example, when 
an inert gas, charged with the vapor of nickel carbonyl, is passed 
through a strongly heated tube, the products are metallic nickel and 
carbon monoxide, as observed by Mond and his colleagues. These 
investigators also found when nickel carbonyl is heated sharply to 
70° C., at which point detonation takes place, that the same bodies 
arc formed. 

Borthclot, however, has observed that a certain amount of carbon dioxide and 
carbon is produced. He i.s of tlie opinion tliat tliis reaction determines the occur¬ 
rence of tiie detonation, as the equation 

2CO = CO,-l-C 

implies the evolution of .18.8 calories, i.e., 77.6 calories for the 4 mols. of carbon 
monoxide in Ni((10)<. The only assumption necessary to justify this view is that 
tlH! heat of combination of Ni and CO is less than 77.6 calories. 

The reactions of nickel carbonyl are generally those dependent upon 
the presence in it of nickel, but when they are induced gently and at 
low temperature, bodies comparable to organo-metallic compounds 
arc formed. The vapor of nickel carbonyl is not sensibly soluble in 
water or dilute acid or alkaline solutions or cuprous chloride. Hydro¬ 
carbons are its natural .solvents; spirits of turpentine is specially 
suitable, and can be used for determining it. Explosion of a mixture 
of nickel carbonyl and oxygen can be effected by violent agitation over 
mercury as well as by direct ignition. Slow union takes place when 
such a mixture is kept in contact with a little water. In contact with 
strong sulfuric acid dry liquid nickel carbonyl explodes after a short 
interval, but if in the form of vapor and diluted with nitrogen it is 
decomposed gradually, the theoretical quantity of carbon monoxide 
being liberated. Strong caustic potash has no perceptible action on 
nickel carbonyl. Gaseous ammonia does not act immediately per se, 
but if a little oxygen be added, fumes are produced, and if the action 
of oxygen be continued a whitish deposit of complex composition is 
gradually formed which is destroyed with charring on being heated. 

Sulfuretted hydrogen acts on nickel carbonyl vapor, mixed with 
nitrogen in the cold, a black sulfide (of, nickel) being precipitated. 
Phosphoretted hydrogen under similar conditions gives a brilliant 
black deposit. Nitric oxide if mixed with nickel carbonyl vapor, 
diluted with nitrogen, or passed into the liquid itself, produces blue 
fumes, which fill the whole vessel. The formation of nickel carbonyl 
proves carbon monoxide to be capable of forming organo-metallic 
compounds similar to those derived from hydrocarbons, and analogous 
to the salts of rhodizonic and croconic acids produced by the union of 
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the condensed derivatives of carbon monoxide with an alkaline metal. 
Nickel carbonyl serves as an example of the tendency of carbon mon¬ 
oxide to form loose combinations and products of condensation, in 
virtue of its character as an unsaturated body. 

Nickel carbonyl, according to Berthelot,* can be preserved under 
water, but if contained in a bottle with an ordinary ground-in stopper 
becomes slowly oxidized, and a layer of apple green nickel hydrate is 
formed, which is free from carbon. A portion of it, however, makes its 
way out of the bottle and is oxidized, forming a fume which is deposited 
on adjacent objects. 

In order to examine the product of oxidation Berthelot kept a bottle of nickel 
carbonyl in a double casing of tin plate and succeeded in eollecting a few decigrams 
of a complex oxide, which appeared white in small quantity, but had a greenish 
tinge when viewed in mass. It was found to be the hydrated oxide of an organo- 
metallic compound of nickel, and upon analysis gave figures corresponding to the 
formula CjOiNi, • 10 H 2 O. It therefore appears to be the oxide of a complex radical 
analogous to croconic and rhodizonic acids. 

The fact that under ordinary circumstances nickel alone is acted on when a 
mixture of this metal with any other metallic or mineral substance is treated by 
carbonic oxide gas, led Mond (J. S. C. I., 1891, 836) to institute experiments to 
ascertain whether it would not be possible by means of carbonic oxide to extract 
nickel direct from its ores, and such metallurgical products as nickel speiss and nickel 
matte. As the nickel is volatilized at the ordinary temperature in the form of a 
vapor disseminated through other gases from which it can be deposited without 
first condensing the nickel compound, by simply heating these gases to the moderate 
temperature of 200° C., as it is thus obtained in the form of bright coherent masses 
of great purity, as the carbonic oxide used is completely liberated and can be em¬ 
ployed over and over again, and as small quantities of the poisonous nickel com¬ 
pound which may escape decomposition would thus never leave the closed apparatus 
in which the process would be carried out, it seemed probable that such a process 
might be capable of industrial application, and might prove more economical than 
the complicated operations metallurgists have to resort to to produce tolerably pure 
nickel. 

. Experiments carried out in conjunction with Langer, with a great variety of 
nickel ores from all parts of the world, containing from 4 to 40 per cent of nickel, 
as well as a number of samples of nickel speiss and nickel matte, proved that as 
long as the nickel is combined with arsenic or sulfur the process was successful. 
In the majority of cases Mond was able to extract the nickel almost completely in 
three or four days. Such ores or matte or speiss have in the first instance to be 
calcined, so as to convert the nickel completely into oxide. The mass is then reduced 
in a current of hydrogen-containing gases—in practice water gas at a temperature 
of 450° C. It is cooled down to ordinary temperature and treated with any good 
apparatus for treating solids by gases. Methodical apparatus moving the reduced 
ore in opposite directions to the current of carbon monoxide, at the same time exposing 
fresh surfaces, facilitate the operation. After a certain time the action of the car¬ 
bon monoxide upon the nickel becomes sluggish. The mass is then heated to about 

» Bull. Soc. Chim. (1892), 434. 
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350® C. in a current of carbon monoxide, which regenerates the activity of the nickel. 
This may be done in the same apparatus, but it is preferable to use a separate appa¬ 
ratus connected with the first, and from which the material is returned to the first 
by mechanical means, so that each apparatus can be kept at the same temperature. 
The carbon monoxide gas can be employer! dilute, as it is obtained from gas pro¬ 
ducers; but since it is continuously recovered, a purer gas, such as can be cheaply 
prepared by passing carbon dioxide through incandescent coke, is more advanta¬ 
geous, as it extracts the nickel more quickly and requires smaller apparatus. The 
gas charged with the nickel compound leaving the apparatus is passed through tubes 
or chambers heated to about 200° C., in which the nickel is deposited. The gas 
leaving these tubes is returned to the first apparatus, and circulates continuously. 
Ihrom time to time the nickel is removed from the tubes in which it has been 
deposited. To facilitate this oi)eration thin nickel sheets, bent to fit the tubes, 
arc inserted, on which the nickel depasits, and which arc easily taken out. The 
metal so obtained is almo.st chemically pure; only very rarely in the case of certain 
ores it is slightly contaminated with iron. As the nickel is deposited in perfectly 
coherent films upon heated surfaces exposed to the gas containing the nickel car¬ 
bonyl, it was found possible to produce direct from such gas, articles of solid nickel 
or goods plated with nickel. This result can also be obtained by immersing heated 
articles in a solution of nickel carbonyl in such solvents as benzole, petroleum, tar oils, 
etc., or by applying such solution to the heated articles with a brush or otherwise. 

Mond * observes that a mixture of the vapor and air explodes readily 
but not very violently. The pure liquid does not explode, but at high 
temperatures it decomposes. The vapor has a characteristic odor 
and is poisonous. It produces an extraordinary reduction of tempera¬ 
ture when injected subcutaneously, sometimes as much as 12 degrees. 
The liquid can be distilled, but not from solution in liquids of a higher 
boiling point as decomposition then occurs, finely-divided nickel being 
separated and carbonic oxide being evolved. 

When attacked by oxidizing agents, c.g., nitric acid, chlorine, or bromine or by 
sulfur, decomposition ensues, nickel salts being formed and carbon dioxide liber¬ 
ated. Metals, alkalies, non-oxidizing acids and the salts of other metals produce no 
change. Nickel carbonates of composition varying with the hygroscopic state of 
the atmosphere arc formed by exposing the liquid to the action of the air. These 
precipitates dissolve easily in dilute acid. An intense blue coloration is obtained 
when nitric oxide is passed through a solution of nickel carbonyl in alcohol (Bertheiot). 

Nickel carbonyl is very diamagnetic, and an almost perfect non-conductor of 
electricity (Quincke). All other nickel compounds arc paramagnetic. It is opaque 
for rays beyond the wave length 3820, and its flame gives a continuous spectrum 
(Liveing and Dewar). 

Perkin found the power of magnetic rotation of nickel carbonyl to be greater 
than that of any other substance he has examined, except phosphorus. Mond and 
Nasini found the atomic refraction to be about 2.5 times as large as in any other 
nickel compound, and the former proved it to have great refractive and dispersive 
powers. The atomic refraction of a liquid fcrro-carbonyl bears about the same 


J. S. C. I., 1892, 750. 
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ratio to the atomic refraction of other iron compounds. This ferro-carbonyl is 
similar in preparation and properties to the nickel carbonyl, and at 180° C. the iron 
is thrown down in bright mirror-like form, carbon monoxide being liberated. Its 
composition is Fe(CO)i. 

To extract nickel from its ores Mond used an apparatus, Fig. 48, 
consisting of a cylinder divided into many compartments, through 
which the properly prepared ore is passed very slowly by means of 
stirrers attached to a shaft. On leaving the bottom of this cylinder 
the ore passes through a transporting screw, and from this to an 
elevator which returns it to the top of the cylinder, so that it passes 
many times through the cylinder until ail the nickel is volatilized. 
Into the bottom of this cylinder carbonic oxide is i)asscd, which being 
charged with nickel carbonyl vapor leaves at the top, and passes 
through the conduits shown into tubes set in a furnace, and heated 
to 200° C. Here the nickel separates from the nickel carbonyl. I'he 
carbonic oxide is regenerated and taken back to the cylinder by means 
of a fan, so that the same gas is maile to carry fresh quantities of nickel 
out of the ore in the cylinder, and to deposit it in the tubes an infinite 
number of times. When the carbonic oxide comes out at tlie top of 



the cylinder it passes through a filter to catch any dust it may contain. 
The carbonic oxide, on escaping from the depositing tubes, is passed 
through another filter, thence through a lime purifier to absorb any 
carbon dioxide which may have been formed. By means of this 
apparatus nickel has been extracted from a great number of ores, in 
times varying, according to the nature of the ores, from a few hours to 
several da.ys. 

A review by Mond of his experimental work on nickel carbonyl * 
is instructive. - 


J. S. C. I., 1895, 945< 
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Mond atated that “in the course of these experiments finely-divided nickel, 
formed by reducing nickel oxide at 400° C. by hydrogen, was treated with pure (X) 
in a glass tube, at, varying tein])eratur(»t, for a number of days, and was then cooled 
down in a current of (X) before it was remov<'<l from the tube. In order to keep 
the poisonous CO out of the atmosphere of the laboratory, w'e simply lit the gas 
escaping from the apparatus. To our 8ur])rise we found that, while the apparatus 
was cooling down, the flame of the escaping gas became luminous and increased in 
luminosity as the temperature got below 100° C. On a cold plate of porcelain put 
into this luminous flame, metallic spots were deposited similar to the spots of arsenic 
obtained with a Marsh apparatus; and on heating the tube through which the gas 
was e.scaping we obtained a metallic mirror, while the luminosity disappeared.” 

“At the first moment we thought that there must I)c an unknown clement in our 
nickel giving rise to the, production of this effect, but when we examined the mirrors 
we found them to consist of pure nickel. As it seemed so very improbable that so 
heavy a metal as nickel should form a readily volatile compound with CO, we puri¬ 
fied our GO as perfectly as possible but still obtained the same results.” 

“We now endeavored to isolate this curious and interesting substance by prepar¬ 
ing the nickel with great care at the lowest possible temperature, and treating this 
nickel with CO at about 50” G., and thus wc gradually increased the amount of the 
volatile nickel compound in the gases passing through the apparatus. We ateorbod 
the excess of (X) by cui>roua chloride solution, and thus obtained a residue of several 
cubic centimeters, containing the volatile nickel compound mixed with a little 
nitrogen. By passing this gas through a heated tube wc separated the nickel, obtain¬ 
ing an increased volume of gas, and found in this a quantity of CO corresponding to 
about four equivalents for one equivalent of nickel. By further improving our 
method of [ireparing the fincly-<livided nickel and by passing the resulting gas 
through a refrigerator, cooled by snow and salt, wc at last succeeded in liquefying 
this compound, and were able to pro<luce it with ease and facility in any quantity 
wo desired.” Nickel carbonyl “is soluble in alcohol, petroleum and chloroform; 
it is not acted upon by dilute acids or alkalies, and can be readily distilled without 
decomposition. But on heating the gas to 1.50° C., it is completely dissociated into 
its components, pure CO being obtained and the nickel being deposited in a dense 
metallic film upon the sides of the vessel in which it is heated.” 

“ For a long time, while we were engaged in investigating the physical and chem¬ 
ical properties of this interesting substance — which was without parallel in the 
history of chemistry — and while we were endeavoring to obtain other similar com¬ 
pounds with other metals, 1 had myself no suspicion that this substance, which was 
until then only obtainable by very careful and elaborate laboratory manipulations, 
should ever become available for industrial purposes. But the longer wc went on 
preparing it for our investigations, the more easy we found it to prepare it in quan¬ 
tity, after we once knew exactly the best conditions for so doing. After that I 
came to the conclusion that it ought to be possible to make use of the ease with 
which nickel is converted into a volatile gas by CO, while practically all other metals, 
and notably cobalt (which is so difficult to separate from nickel by other methods), 
was not acted upon by this gas, for separating nickel from cobalt and other metals 
on a manufacturing scale, and for obtaining it in a very pure state." 

“I erected a plant on a large scale near Birmingham, and after several years of 
hard work, during which the apparatus has had to be several times reconstructed 
so as to fulfil all the conditions of this rather delicate process, we have succeeded 
in our object, and now have for some time produced nickel at the rate of a ton and 
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a half per week from the Canadian nickel copper matte imported into England. 
This matte, which contains about 40 ]K'r cent of nickel, and an equal quantity of 
copper, is carefully roasted to drive out the sulfur as far as possible, and is then 
subjected to the action of hydrogenous gases, either water gas or producer gas, rich 
in hydrogen, in an apparatus which is callcid the ‘reducer,’ the temperature of 
which is under perfect control, so that 400° C. is never exceeded. From this appar¬ 
atus the sqbstance, which is now reduced to the metallic state, is taken through air¬ 
tight conveyors and elevators into another apparatus called the ‘ volatilizer, ’ in 
which it is subjected, at a temperature not exceeding 80° C,, to the action of CO 
gas.” 

“This apparatus consi.sts of an iron cylinder, divided into numerous compart¬ 
ments by shelves, and provided with a stirring device, which gradually moves the 
material from the top to the bottom, while the CO gas pasises through in an opposite 
direction. The CO gas, which should be as rich as practicable, we prepare by pass¬ 
ing pure CO 2 through incandescent coke; the pure COj we make by passing the flue 
gas of a boiler or of a fire through a solution of carbonate of potash, and subsequently 
boiling the solution. The CO gas, charged with nickel carbonyl, leaving the volatil¬ 
izer, is passed through a .series of tubi« or chambers, heated to about 180° C., in 
which the nickel is deposited in various forms, according to the speed of the gas 
current, the richness of the gas and the existing temperature. The CO gas, thus 
almost completely freed from the nickel, is taken back by •means of a blower into 
the volatilizer, where it takes up a fresh quantity of nickel and is constantly used 
over and over, so that the quantity consumed is limited to the very small amount 
of unavoidable lo.ss through leakage of the plant.” 

“The material under treatment is rep(^atedly taken from the volatilizer to the 
reducer and vice versa, by means of air-tight conveyors and elevators, until the 
amount of nickel volatilized begins to fall off. It is then roasted again to remove 
the sulfur which it still contains, and is treated by sulfuric acid to dissolve part of 
the copper. The residue, containing nickel, some copper and the other impurilios 
of the matter is again subjected to the previously described treatment until the 
nickel has been extracted as far as practicable; and the ultimate residue, still con¬ 
taining a few per cent of nickel, is melted up into matte again.” 

Nickel carbonyl is decomposed * by passage through a mass of pel¬ 
lets of metallic nickel, heated to about 200° C., causing nickel to be 
deposited and the pellets to increase in size. The apparatus con¬ 
sists of a vertical cylinder, in which the pellets are placed, with heat¬ 
ing spaces formed by an outer casing. A vertical, cooled, perforated 
tube for the gaseous carbonyl leads from the top down the center of 
the mass of pellets, nearly to the bottom of the cylinder. To prevent 
the pellets cohering, they are kept in motion by continuously with¬ 
drawing them from the lower end, mechanically screening them with 
the assistance of worm conveyors, and returning the small ones by an 
elevator to a feeding hole at the upper end for further treatment with 
the carbonyl. The pellets which have suflSciently increased in size 
are passed from the screen and thence through a valved opening into 
a collecting chamber. 

* Mond, British Patent 1106, Jan. 14, 1898. 



nk:kel carbonyl 


237 


In extracting nickel by means of carbon monoxide from mixtures 
of nickel and other metals, obtained by reducing the mixed oxide with 
gas containing carbon monoxide, Fierz * displaces the carbon monoxide 
by hydrogen or removes it by suction from the presence of the re¬ 
duced metals while the temperature is maintained above that at which 
nickel will decompose, or combine with, carbon monoxide. The 
temperature is then reduced to that required for the formation of 
nickel carbonyl and the gas readmitted. 

Langer f describes an apparatus for obtaining nickel from nickel 
carbonyl. Vessels containing the nickel carbonyl are heated by a 
number of gas flames, each of which is situated in a chamber formed 
by ribs on the vessel and an outer casing; the liberated gases pass away 
by an escape pipe, which is surrounded by an annular cooling chamber.^ 

James Dewar § remarks that the nickel carbonyl vapor at ordinary 
pressures is very unstable, its components becoming rapidly disso¬ 
ciated with explosion on moderate elevation of temperature, so that 
its production has hitherto been carried on at a moderately low tem¬ 
perature, such as 50° C. Dewar has found that under considerable 
pressure, ranging from 2 atmospheres to 100 atmospheres, the com¬ 
pound, either as vapor or as liquid, is much more stable, and there¬ 
fore higher temperatures can be used in its production, whereby the 
rapidity of process of manufacture is greatly increased. Thus for the 
gasification of the nickel a temperature of 100° C. with a pressure of 
15 atmospheres is suitable, or a temperature of 180° C. with a pres¬ 
sure of 80 atmospheres. The spongy nickel obtained by the reduction 
by means of water gas, if treated at the temperature and pressure 
mentioned, combines rapidly with the carbonic oxide, producing vapor 
of nickel carbonyl. This vapor, with the excess of carbonic oxide in 
which it is diffused while still under pressure, on being passed through 
tubes of a higher temperature, becomes dissociated depositing metallic 
nickel. || 

In the author’s laboratory nickel carbonyl has been extensively 
examined and has proved a satisfactory source of nickel catalyzer. 
The carbonyl readily decomposes at temperatures between 125° and 
180° C. and when decomposed in the presence of oil under some con¬ 
ditions the resulting nickel is very finely divided and imparts to the 


* British Patent 4249, Feb. 19, 1913. 
t British Patent 13,350, June 28, 1905. 

t See also U. S. Patent 815,717, Mar. 20, 1906; 825,844, July 10, 1906; and 
865,969, Sept. 10, 1907. 

I U. S. Patent 760,852, May 24, 1904. 

II Electrochem. and Met. Ind. (1904), 291. 
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oil an inky black color. Even after standing for days or even weeks 
the nickel remains in suspension. A sample of cottonseed oil carrying 
about one-half of one per cent of nickel precipitated from nickel car¬ 
bonyl was exposed to the action of a current of hydrogen gas under 
practically atmospheric pressure for a period of one hour and a solid 
product 'resulted having a melting point of 47.6° C. and a refractive 
index of 1.4445. 



Fici. 49. — Photo-micrograph of Nickel Catalyzer derivwi from 
Nickel Carbonyl. X 100. 

The greatest difficulty in the use of nickel carbonyl appears to bo 
the removal of finer portions of the nickel precipitate from the oil 
after hydrogenation, but this may be accomplished by the observance 
of due precaution in filtration. The used catalyzer recovered by filtra¬ 
tion is still active and may be used until its catalytic properties are 
spent. The spent material may be regenerated more easily than is 
the case with catalyzers consisting of nickel supported on a voluminous 
carrier of inert material.* 

Another modification of the nickel carbonyl process is described 
by the author t and involves mixing the requisite amount of nickel 
carbonyl with hydrogen gas, or water gas, or other gas suitable for 
the purpose and then passing this mixture into the oil to be treated. 

• The oil is brought to the decomposition temperature of the nickel carbonyl 
under these circumstances and the metallic nickel catalyzer is liberated in inti¬ 
mate contact with the hydrogen gas, effecting a rapid hydrogenation of the oil. 

♦Apparatus adapted for haiidliug nickel earlionyl and hydrogenating oils with the 
nickel material obtained by its decomposition is shown in U. S Patent to Ellis, 
l,(»Al44,.Apr. 28, 1914. 
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The oil may contain, if desired, hnely-divided solid material to serve as an 
attaching base for the separated nickel. In case the finely-divided or colloidal 
nickel which forms is not, after hydrogenation, readily removed by filtration, 
the oil may be boiled with an aqueous acid solution to remove such nickel mate¬ 
rial. 

Or the oil may be heated to about 180“ C., and atomized with a mixture of 
hydrogen gas and nickel carbonyl. The nickel carbonyl may be added to the oil 
and the mixture then atomized with hydrogen gas, the temperature being regu¬ 
lated for the production of the active material. After such atomization the oil 
may be passed through a heated tube or over a bed of heated fragmental mate¬ 
rial. Also, the oil may be mixed with a small amount of nickel carbonyl and 
caused to flow downwardly through a tower containing baffle.s while hydrogen 
gas or other gas i.s allowed to flow upwardly against the downwardly flowing 
stream of oil. The tower may be heated al. one or more points so as to secure 
a temperature sufficient to decominrse the nickel carbonyl and then, if desired, 
the temperature may lie modified so that the mixture on flowing through another 
portion of the tower is subjected to a temperature better adapted for the 
hydrogenation process proper. 

Nickel carbonyl also may be employed in a different way, in that it may be 
mixed with asbe.stes or fuller's earth, or other similar wrier and heated to form 
catalytic nickel without resorting to direct reduction of .say nickel oxide by 
hydrogen. Such a catalytic body may then Im used for treating oils in the 
presence of hydrogen under suitable conditions of temperature and pressure. 

In the case of oleic acid or other liodies which may be converted into a 
vapor form, the nickel carbonyl and hydrogen may lie mixed with the vapors of such 
bodies and passed through a heating zone, preferably being raised to a tempera¬ 
ture of 180° or 200° r., or to whatever temperature under the partteular condi¬ 
tions of operation is required for a satisfactory decomposition of the carbonyl 
compound into an active body. In this case also nascent nickel is liberated in 
the presence of hydrogen to good advantage.* 

Lessing t uses nickel carbonyl in the hydrogenation of unsaturated 
substances. (See page 42.) 

Fig, 49(1 is a view of a hydrogenating apparatus suggested by Lessing and 
Fig. 491) represents a section of the upper portion of the hydrogenating vessel 
showing a spraying nozzle through which the liquid to be treated may be forced. 
A is the vessel in which hydrogenation occurs. The substance to be hydro¬ 
genated is pumped from a supply tank through a pre-heater contained in a 
tank C, into vessel A which is heated by a steam jacket. The hydrogenated 
substance is forced by the pressure from vessel A into the tank C where it is 
used as heating agent. If finished it is run off; if not finished, it is returned by 
the circuit shown. The gases enter on the right, ore compressed by compressor 
D, and forced through the volatilizer E, passing therein over reduced nickel. 
The gases issuing from volatilizer E and containing nickel carbonyl then enter 
vessel A. The gases left imabsorbed and now free from nickel issue from the 

* See also XI. S. Patent to Ellis, No. 1,138,201, May 4, 191fi, and 1,231,202, Dec, 
25, 1917. 

t tJ. 8. Patent No. 1,162,523, November 30, 1915. 
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vessel A through the riglit-haiKl outlot at the top of A and are passed through 
cooler F and can lie cither diacjhargod or returned into circulation. Any oil 
carried along with the gaa(^ is depositerd in the cooler F and may be run off. 
If the compound to 1)0 treated is in the state of gas or vapor, as for instance, 
in the hydrogenation of the more volatile tar oils, it is simply mixed with the 
hydrogen containing the nickel carbonyl and subjected to the temperature re¬ 
quired for hydrogenation. Likewise in the case of a liquid some hydrogen may 
be mixed wdth the liquid, a spray being then formed by injector action instead 
of by liquid pressure. 

Cro.ssIey * refers British patent to Lessing, 18,998, of 1912, and states that the 
process described therein upfxiars to differ materially from others, more particularly 
iu the uuvel method for brmging catalyst and oil in contact. According to this 



process hydrogen containing 5 to 10 per cent of carbon monoxide, such as may easily 
be prepared from wator-ga-s or the thennal decomposition of coal gas or hydro¬ 
carbons, is pa-ssed over reduced nickel, with fonnation of nickel carbonyl. The 
nickel need not be pure, but in the form of such complex mixtures as are obtained 
in the treatment and reduction of nickel ores. The mixture of hydrogen and any 
desired proportion of nickel carbonyl is then passed into the substance to be hydro¬ 
genated at a temperature between 200® to 240® C. when the nickel carbonyl is 
decomposed and elementary nickel, in a very pure and particularly active form, is 
produced. The proportion of nickel carbonyl required is very small, excellent 
results having I>een obtained with an amount equivalent to 0.1 part of nickel in 
per 100 parts of oil. Fresh nickel carbonyl is always passing into the substance 
to be hydrogenated, and the nickel is believed to act in the nascent condition at 
the moment of decomposition of the nickel carbonyl. This he states seems to be 
borne out by the fact that if the same percentage of nickel be introduced into an oil 
as nickel carbonyl, the latter decomposed and then hydrogen passed in, there is 
practically no result from the commercial point of view. 

• Pharm. Soc., Apr. 21,1914; Pharm. J., 1014, pa, 604, 637 and 676; J. 8. C. I., 1914, 
1135. 
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George Schicht A.*G. * recommends a form of nickel kieselguhr 
catalyzer prepared from nickel carbonyl. The carbon monoxide 
required may be obtained from water gas by the Linde-Caro process. 

The catalytic material is prepared in the following manner: Carbon monoxide 
is conducted under pressure over finely-divided nickel which is heated in a retort 
and the nickel carbonyl which is formed is cooled below its boiling-point. Puri¬ 
fied kieselguhr is placed in a niekel vessel, the nickel carbonyl is added and the 
mixture heated to cause metallic nickel to form by decomposition of the carbonyl. 
The carbon monoxide liberated is removed and can be used again to form 
nickel curbonyl. The last traces of cArbon monoxide or undeeomposed nickel 
carbonyl which may tend to effect the progress of reduction injuriously are 
removed through treatment with hydrogen, carbon monoxide or other indif- 
fenuit gas. The nickel kieselguhr material is warmed during this stage of the 
process. The jiroduct is ground with oil with exclusion of air affording an 
“ emulsion ” or pasty conijwsition which is used as a source of catalytic mate¬ 
rial. In place of oil, any suitable liquid vehicle may be used. The product is 
stated to be of such a character that when mixed with oil it does not lump together 
or deposit on the Ixittom of the veascl. The regeneration of spent catalyzer is 
sirniilc, for, after the removal of the oil, it is stated that the nickel may be 
again directly converted into nickel cartxmyl and decomposed as before. The 
residue of kieselguhr from which the nickel has been removed as the carbonyl 
may likewise be utilized as a carrier. 

In a publication by Coleman entitled “ The Nickel Industry ” 
issued by the (Canadian Department of Mines, 1913, 153, a very 
complete description of operation of the nickel carbonyl process 
for producing nickel, as carried out at the Mond plant, Clydach, 
Wales, is given. 

♦Austrian Patent No. 70,771; Seifeu. Ztg., 1910, 169. 
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THE RARE METALS AS CATALYZERS 

As a catalyzor in this field palladium has received considerable 
study, for, in spite of high first cost, its pronounced efffictivene.ss, 
together with its ability to cftect hydrogenation at relatively low 
temperatures, makes it particularly attractive. 

Many years ago, Fokin * stated that he regarded palladium as the 
most powerful of all catalyzers, having found that reduction takes 
place readily at 80° to 90° C., while with nickel, a temperature of 180° 
to 200° C. was necessary for practical hydrogenation. Fokin's e.\peri- 
ments at that time were concerned with electrolytic reduction. By 
this means he reduced linseed, wood, ca.stor and cod liver oil. He 
found that while palladium black would reduce oleic acid completely 
to stearic acid, platinum black under the same conditions gave only 
24 per cent of stearic acid. 

Paal t worked with colloidal palladium preparations and hydj'o- 
genated castor, olive, fish oil and animal fats. He found that sesame 
oil, after hydrogenation, showed the Baudoin reaction only very 
faintly, while cottonseed oil no longer responded to the Beechi and 
Halphen reaction. Skita has worked with palladium incorporated 
with a protective colloid. 

Paal recommends t platinum or palladium chloride admixed with a 
neutralizing agent such as sodium carbonate. He states that the 
reduction of fats and unsaturated fatty acids of animal and vegetable 
origin may be effected by allowing hydrogen to act on these, in presence 
of platinum metals, or protohydroxide compounds of the latter, which 
have been deposited upon certain finely-divided substances and act as 
catalyzers or carriers of hydrogen. It has also been ascertained that 
the reduction of the fats and fatty acids may be effected by hydrogen 
in presence of solid salts of the platinum metals. Both the simple 
salts, such as palladium protochloride (PdCb), platinum protochloride 
(PtCU), platinum chloride (PtCU), platinum hydrochloride (HsPtCh), 
platinum sulfate and the double salts, for instance potassium 

* Chem. Ztg. [2], 1906, 758; [I], 1907, 324. 

t Ber., 41, 2282. 

t U. S. Patent 1,023,753, April 16, 1912. 
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chloroplatinate (KjPtC’lo), copper platinochloride, may be used. 
When the double salts arc used, care must be taken that no anticata- 
lytic substances, such for instance as lead, find their way into the 
reduction mixture. Use may be made of salts whose acid radicals or 
other constituents arc themselves reduced by hydrogen, for example 
acid platinous oxalate. In all cases the method is simple; and it is 
distinguished from those in which the finely-divided metals are used 
by the omission of the preparation of the finely-divided platinum 
metals or their protohydroxides and of the tleposition on special 
carriers. 

The salts in a crushed condition, preferably in the state of powder, are mixed 
with the fats or fatty acids to he hydrogenated; and hydrogen is allowed to act on 
this nii.xturc', with stirring, at temperatures Udow 100 degrce.s i)r('f(wably under a 
pre.ssurc of several atmosiiheres. In a short time the solid reduction product of the 
fat or fatty acid will be obtained. ,\11 that is nece-asary to insun? the action of the 
solid salts of the jilatinum metals is that they must be present in the solid form 
during the progress of the reaction. The salts may also be added to the fats in a 
diB.solved condition (for cxamplf! in aqueous solution), tin? solvent being evaporated 
before or at the beginning of the reduction iiroceas. A susix'nsion of the solid salts 
may also bo used. I’or example, the salts of the platinum metals may be triturated 
with a portion of the fat or oil that is to be reduced, the mixture being then added 
to the main portion of the fats or fatty aeids to be reductsl. Or a suspension of 
the salts in mineral oil may be prepared, and this mixture may be added to the sub- 
Btanecs that are to be reduced, in which case the suspensory ine<lium may be elimi¬ 
nated during the process of reduction. A single salt of a platinum medal may bo 
used, or several salts, and even several platinum metals may be mixed together; 
and the salts may also be used in conjunction with the platinum metals which have 
been deposited on carriers, devoid of anticatalytie action, such as coi>pcr, or mag¬ 
nesium carbonate. It is probable that, during th(‘ process, the salts of the platinum 
metals arc split up into metal and free acid, for example; 

PdCl, + IL = Pd + 2 HCl. 

In any case, however, the solid platinum metal salts greatly facilitate the absorp¬ 
tion of hydrogen by fats and fatty aeids. Very small quantities of the platinum- 
metal salts are sufficient to reduce large quantities of fat or fatty acids in presence 
of hydrogen. When the reduction process is completed, the platinum metals or 
their compounds can be easily separated from the reduced fat or fatty acid by filtra¬ 
tion, and u.sed again. 

To prevent the formation of free acid, as, for example, hydrochloric acid from the 
chlorides of the platinum metals, in the reducing process, there is added to the 
powdered platinum salt a neutralizing agent, such as anhydrous soda, in sufficient 
quantity to combine with the liberated acid. The employment of salts of the 
platinum metals assists the reduction process considerably more than is done by 
palladium black or platinum black containing an amount of platinum metal equal 
to that in the platinum metal salts used in the present method. Thus, for example, 
1.7 parts of PdClj (•= 1 part of Pd) in presence of hydrogen will convert 10,000 parts 
of fat or fatty acid into solid masses within 3 or 4 hours. If, however, the PdClj be 
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replaced by a quantity of palladium black containing the same amount of palladium, 
then, with a ratio of 1 part of Pd to 10,000 parts of fat or fatty acid, these substances, 
according to Paal, will remain liquid, even when the palladium and hydrogen are 
allowed to act for twice or three times as long ns with PdClj. 

Paal notes that the time required for the reduction depends on the amount of 
the pjlatinum metal salt used, and on the pressure under whieh the hydrogen is 
allowed to act. By using a palladium salt as the hydrogen carrier, about 50,000 
parts of fat or unaaturated fatty acid can be hydrogenated within from G to S hours 
with a quantity of salt, for example, PdCL, corresponding with 1 part of Pd. 

Paal gives the following example; One million parts by weight of castor oil or 
oleic acid arc treated with thirty-four jrarts by weight of dry palladium protochloride 
(= 20 parks of Pd) in the form of powder, with or without the equivahmt amount of 
anhydroms soda; or with 140 parts by weight of dry platinum protoohloride (= 100 
parts of Pt) in the form of powder; or 172 parts of platinum chloride; or 230 parts 
of platinum hydrochloride, with or without addition of an equivalent amount of 
anhydrous soda. The mixture is plaee<l in a pressure vessel, from whicli the air 
is exhausted as completely as possible, and hydrogen is then admitted into the 
vessel under a pressure of 2 to .3 atmospheres. The reduction mixture is kept in 
motion by a stirring aitparatua. The vessel is heated to about 80° C. although the 
reduction may also be carried out at a lower temperature. The progress of the; 
reduction and the consumption of hydrogen is revealisl by the full in pre.ssure as 
indicated by the pre-ssure gauge. When the gaug(! registers only a low' pre.ssure, 
a fresh quantity of hydrogen is admitted. The completion of the reduction proce.ss 
can be recognized by the gas pressure remaining constant for .some considerable 
time. When the reduetion is (■nded, the rcsluction product is freed from the catalyzer 
in a filter press which is adapted to be heated. 

The work in the field of catalytic reduction of organic compounds 
has been rather comprehensively covered in a publication by Skita 
entitled “ Uber Katalytische Reduktionen Organischer Verbindungen 
(Stuttgart, 1912). Skita has taken out a patent assigned to Boch- 
ringer and Son * which is concernrid with the hydrogenation of organic 
compounds with the aid of catalyzers consisting of salts of the plati¬ 
num group of metals. The protective colloid previously employed 
he now finds to be unnecessary. He states he has found that an un¬ 
saturated substance can be hydrogenated when there is added to it, 
or its solution or suspension, a small amount of palladium chloride 
or any other soluble salt of a platinum metal and the whole exposed 
to hydrogen, most advantageously under pressure. The addition of 
an acid is usually advantageous in this operation and hydrochloric 
acid is recommended; but with fatty bodies it suffices merely to add a 
simple aqueous solution of a compound of a metal of the platinum 
group. As an example, he states, that 50 grams of olive oil may be 
suspended in a solution containing about 0.05 gram of platinum 
chloride, 20 ec. of alcohol, 50 cc. of water and 8 cc. of dilute hydro- 


• U. S. Patent 1,063,746, June 3, 1913. 
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chloric acid. After treatment with hydrogen at a pressure of about 
4 atmospheres and at a temperature of 70° C. a solid fat results. 
In another examijlc about 250 grams of castor oil is well mixed 
with a solution of about 0.05 gram of palladium chloride in 5 cc. of 
water. The whole may then be treated at about 70° C. in an auto¬ 
clave with constant stirring, with hydrogen under a pressure of 4 
atmospheres. After two and one-half hours the oil will be found so 
far hydrogenated that it will solidify to a hard mass on cooling.* 

In an address before the Chemical Society of Karlsruhe Dr. Skita 
inaile the following comments on the hydrogenation of organic 
material.t 

He stated that the acceleration which various reactions experience 
in the presence of catalyzer is the more rapid the greater the surface 
of the catalyzer. As a result a catalyzer in solution is always more 
active than is the case when the catalyzer is in a finely-divided or pre¬ 
cipitated state. 'This e,specially is true with metals of the platinum 
group which exert an action of a very marked character when in solu¬ 
tion in the colloidal condition. 

Colloidal platinum was first produced by Bredig by the action of an 
electric current on metallic platinum in aqueous or ethereal solution. 
Breilig recognized the property which these colloidal solutions pos¬ 
sessed of serving as a carrier for hydrogen and he in fact reduced 
nitrous acid to ammonia. Such colloids are not reversible, that is to 
say if the colloidal solution is evaporated to dryness the metal will 
not again go into solution. A metal colloid whicli is easily soluble in 
wat(T was discovered by Paal who made use of a water-soluble pro¬ 
tective colloid, namely, the sodium salts of protalbinic or lysalbinic 

* The hydrogenation of unaaturated substances is effected, according to Skita, 
by treatment with hydrogen in the presence of small quantities of compounds of 
metals of the platinum group in solution. The substances to be hydrogenated may 
be dissolved or suspended in a liquid (French Patent 447,420, Aug. 20, 1912; also 
British Patent 28,754, Aug., 1912, and addition to the latter Patent 18,996 (1912). 
A solution of palladium chloride acidulated with dilute hydrochloric acid was 
used by Skita as a catalytic solution for the treatment of camphene. Hydrogen was 
used under a pressure of one atmosphere. . The hydrogenation of olive and castor 
oil in this manner is described. In the addition patent Skita states that the employ¬ 
ment of dilute acid is not always necessary since in many cases the reaction can be 
carried out simply by passing hydrogen through a mixture of the substances to be 
reduced and a solution of the salt, J. S. C. I., March 15, 1913, 253. 

Skita (Chem. Zeit. Rep. (1913), 680; British Patents 18,996, 1912, and 16,283, 
1913) carries on reduction processes without the addition of any acid to a solu¬ 
tion of a salt of the platinum group and also makes use of colloidal solutions of an 
hydroxide of the platinum group as a catalyzer. 

t Seifen. Ztg. (1913), 900. 
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acids, to maintain tlic metallic platinum or palladium in a water- 
soluble condition.* 

With colloids of this character prepared from palladium Paal suc¬ 
ceeded in adding hydrogen to a large number of unsaturated aliphatic 
compounds which were soluble in water or dilute alcohol. For the 
reduction of many organic compounds, such as acids, bases and hydro¬ 
carbons, the presence of acid material is of importance and accordingly 
Skita has used an acid-stable protective colloid such as gum arabic in 
place of the sodium salts mentioned above. If gum arabic is added 
to a solution of platinum chloride, no platinum hydroxide is precipi¬ 
tated when carbonate of soda is added to the solution, for the platinum 
remains suspended in the colloidal condition. 

By careful evaporation platinum compounds may be obtained as 
black plates or scales which are soluble in water and dilute acids. 
When these colloidal solutions of the hydroxide are agitated in the 
presence of hydrogen a very acid-resistant form of colloidal platinum 
results. On evaporation a form of platinum is obtained which is 
easily soluble in water. All such platinum and palladium compounds 
arc eminently adapted to catalytically transfer hydrogen to unsatu¬ 
rated material contained in an acid or neutral vehicle. It is especially 
easy to add hydrogen to the double bonds of aliphatic and hydrocyclic 
hydrocarbon compounds. This is the case as regards the reduction 
of alkaloids. 

Another interesting observation is that very stable colloidal solu¬ 
tions of platinum may be obtained readily by passing hydrogen 
through such colloidal solutions of platinum containing gum arabic, 
even when the solution is cold. In a similar manner colloidal solu¬ 
tions of palladivim are produced from palladium chloride. 

Finally it may be mentioned that in this way hydrogen may be 
added to aromatic and heterocyclic compounds which cannot be 
hydrogenated with platinum black catalyzer.f 

• Colloidal solutions of gold, silver, platinum, palladium, copper, lead, iron, zinc, 
tin, nickel, aluminum, magnesium, bismuth, antimony and cadmium, respectively, 
have been prepared with great ease by an electrical disintegration method, using 
a high-frequency alternating arc, the leads to which were taken from two jioints 
on the inductance of the oscillatory circuit of a Poulsen arc as used in wireless teleg¬ 
raphy. By varying the conditions it was passible to obtain currents of from 0.14 
to 15 amperes and E.M.F. of 480 to 4080 volts, and colloidal solutions showing 
a wide range of colors were thus obtained from a number of the metals. (Morris- 
Airey and Long, Proc. Univ. Durham Phil. Soc. (1912-1913), 6, 68; J. S. C. 1. (1913), 
1015.) 

t In his dissertation entitled “Dber kstalytische Hydrierungen organischer Ver- 
bindungen piit koUoidem Palladium und Platin,” Meyer draws the following con 
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Colloidal suspensions of the metals * have proved excellent cata¬ 
lyzers, effecting many of the reactions which are brought about by 
enzymes. The analogy between the action of the finely-divided metals 
and the organic enzymes is strikingly illustrated by the behavior of 
poisons on the two. The same substances which poison the ferments 
and which retard the rate at which they decompose hydrogen dioxide, 
also poison platinum and retard the rate at which it effects the same 
decomposition. Thus mercuric chloride and hydrocyanic acid in 
the merest traces poison the organic enzymes. The same quantities 
produce almost exactly the same effect on the finely-divided metals, 
with respect to their power to decompose hydrogen dioxide.t 

clu.sioiis. Methods of reduction depending on the use of a solution of palladious 
chloride and gum arabic in water-alcohol mixture, forming colloidal palladium with 
hydrogen, do not progress satisfactorily unless bodies are present which are capable 
of forming addition compounds with palladious chloride. The action of hydrogen 
on a hot solution of palladium chloride and a protective colloid gives rise to a colloidal 
solution of palladium. From colloidal jralladium or platinum solutions using gum 
arabic or gelatine as a protective colloid, the corresponding reversible metal colloid 
is obtained. With the aid of gum arabie or gelatine as a protective colloid it is 
possible to obtain permanent colloidal solutions of palladium and platinum hydrox¬ 
ide. By careful evaporation and drying of these colloidal solutions solid products 
are obtained which may he brought again into colloidal solution by peptization. 
Stable colloid solutions of palladium may be advantageously obtained by the reduc¬ 
tion of dialyzed colloid palladious hydroxide solutions. For the production of a 
colloidal solution of platinum it is recommended that reduction of chlorplatinic acid 
by hydrogen in the presence of a protective colloid be employed, in which case the 
nuxture should first be inoculated with small amounts of colloidal platinum or 
jialladium. Colloidal solutions of platinum and palladium with gum arabic or 
gelatine as a protective colloid are well adapted to the hydrogenation of olefine 
bodies. The hydrogenation of aromatic bodies with colloidal metallic, platinum is 
possible only in strong acetic acid solutions. The hydrogenation of aromatic bodies 
is carried out more easily with platinum than with ptdindium. While gum arabic 
is suitable for use as a protective colloid with platinum or palladium in the hydro¬ 
genation of certain organic bodies, it is found that gelatine under some conditions 
acta as a catalyzer poison. Vulcanized rubber also affects the activity of the cata¬ 
lyzer. The inoculation method for the production of colloidal solutions of platinum 
affords a convenient laboratory procedure for the hydrogenation of aromatic bodies 
as the formation of the colloidal solution and the process of hydrogenation follow 
one another quickly. The hydrogenation of. aromatic bodies using colloidal platinum 
as a catalyzer progresses throe or four times quicker than when platinum black is 
employed. Sec also J. S. C. I. (191.3), 46, and Ber. (1912), 45 , 3379. 

A solution of colloidal platinum is capable of causing the union of hydrogen and 
oxygen. (Ernst, Zeitsch. physikal. Chem. (1001), 37 , 448.) Ethylene unites with 
hydrogen even in the cold, in the presence of platinum sponge. (De Wilde, Ber. 7, 
354.) 

• Jones, A New Era in Chemistry. 

f Measurements have shown that the decomposition of hydrogen dioxide by metals 
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Kail * has studied with considerable care and in a quantitative way 
the action of palladium supported on various bodies. He found that 
palladium precipitated on finely-divided nickel or magnesium proved 
effective catalytically, while if precipitated on lead, aluminum, iron, 
or zinc, little or no hydrogenation was effected, owing to the anti- 
catalytiq action of these metals. While metallic zinc is anticatalytic, 
zinc oxide and carbonate have no such effect. In these investigations 
Karl worked principally with fish, cotton and castor oil and oleic acid.t 

is a reaction of the first order, that is, the metal, strictly speaking, doe.s not enter into 
the reaction at all, only the mass of hydrogen dioxide present undergoing change. 

A hydrogenizing ferment in the animal organism capable of transforming nitro¬ 
benzene into aniline has been observed by Abelous and Gerard (Comptes Rend., 
130 (")i 420). A clear aqueoms extract of horse’s liver, in presence of chloroform 
and in an atmosphere of hydrogen, reduced nitrobenzene to aniline, while the same 
extract, previously boiled, was without action. Abelous and Gerard have previou.sIy 
shown (J. S. C. I., 1899, 871) the deoxidizing action of this ferment, but have had 
no instance of hydrogenation under ita influence. (See also Chandler, J. S. C. I., 
1913, 73.) 

* Inaugural Dissertation, Erlangen, 1911. 

t Paal and Karl (Her. (1913), 3069; Chetn. Ztg. Rep. (1913), 642) tested palla¬ 
dium on various carriers as catalytic material for hardening fats and have found 
that the oxides, hydroxides and carbonates of lead, cadmium, zinc, aluminum and 
iron have an anti-catalytic action similar to the. metals which they contain. The 
corresponding compounds of nickel and cobalt, and also magnesium oxide, were in- 
vestigat(^d. These carriers wore coated with palladium by mixing with a solution 
of palladium chloride in a weak aqueous solution of hydrochloric acid at room temper¬ 
ature, or slightly warmed. Palladious hydroxide was thus precipitated and reduc¬ 
tion was obtained by treatment of the i>owdcr, which was first moistened with 
ether, to the action of hydrogen at room temperature. The catalyzer was mixed 
with fatty material without permitting contact with the air and reduction was 
carried out in an agitator in an atmosphere of hydrogen. Magnesium oxide did 
not retard the catalytic action of palladium. In fact, the reduction process appeared 
to be somewhat increased by the presence of this material. 

Paal and Windisch carried on similar experiments with platinum. (Ber. (1913), 
4610.) Metal powders of various sorts were purified with alcohol and ether and then 
platinized by shaking with a solution of chlorplatinic acid. Metallic oxides and 
carbonates were platinized by the action of sodium carbonate and hydrazine hy¬ 
drate on a solution of chlorplatinic acid containing the oxide or carbonate in suspen¬ 
sion. These products as catalyzers in the hydrogenation of cottonseed oil were 
found to have differing degrees of catalytic action, and only nickel and magnesium 
had no influence on the activity of the platinum. The platinum was much less 
active in the presence of aluminum, cobalt and bismuth, and was rendered completely 
inactive by iron, copper, zinc, silver, tin and lead. Of the oxldas and carbonates 
examined, only the magnesium compounds were without influence. 

Wicland (Ber. (1912), 45 , 2615) considers palladium black less sensitive to 
“poisons” than p^atinum black, for in presence of the former a sample of benzene 
containing thiophen absorbed hydrogen at a noticeable rate although not so rapidly 
as pure benzene. 
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A long list of suits avuilublc as catalyzers is given in German Patent 
260,885 * embracing the sulfates, nitrates and chlorides of platinum 
and palladium, and double salts of these with alkali chlorides and 
other chlorides, also certain complex compounds of these metals. 
The salts are added in an undissolved state directly to the oil to be 
hardened and subsequently a neutralizing agent also undissolved is 
added. The temp<iraturo is maintained below 100° C. When em¬ 
ploying double salts care; should be taken to have no anticatalytic 
substances, such as lead, present in the mixture. Salts, such us acid 
oxalate of platinum, whose acid radical is capable of reduction, may 
b(^ used.! If necessary, a solid neutralizing agent may be added (cf. 
Paal). 

The, Seifenscider Zeitung, 1912, 550, makes mention of a Gorman 
Patent application for a process of making hardened fats, using as 
catiilyzors platinum and platinum hydroxide in the form of precipi¬ 
tates and on inert carriers in place of the corresponding compounds of 
palladium. 

In order to avoid the accidental introduction of air or mercury when reducing 
by means of hydrogen and colloidal platinum a special apjiaratus has been constructed 
by Starh (Ber. 19111 (td), 2335). It consists of a glass vcasel with two nocks, each 
provided with a glass stopcock. .4 small funnel with a stopcock is fuses! into tho 
upi)er jiart of tho vcs,sel between the two necks. One nock is connected with the 
source of hydrogen, the other with a graduated gas burctlo and mercury reservoir. 
The sub.stance to be nsluced is placed in the glass vcescl and a current of hydrogen 
p.asscd through. At this stage the burette and reservoir contain no mercury. The 
hydrogen supply is then cut off and mercury is poured into tho reservoir from which 
it flows and partly fills the burette. By lowering the reservoir a solution of platinum 
or palladium can be introduced through the funnel with the stopcock without ad¬ 
mitting any air. 

Lehmann carries out the hydrogenation of oils or unsaturatod fatty 
acids by passing hydrogen through oil containing a small amount of 
osmium tetroxidc, while the oil is being heated. Osmium dioxide 
forms from the tetroxide, producing a colloidal solution which can be 
removed by animal charcoal. In one experiment 10 grams olive oil 

Cf. VVindisch, Ueber die Hydrogenisation ungosiittigter organischcr Verbindun- 
gen durch Blatin und PaIIadium-wa.sserstoff und die antikatalytische Wirkung von 
Fremdstoffen auf den Hydrogenisierungsprozess. Erlangen, 1913. 

Dissertation: Schwarz, Erlangen, 1913, publishes work on colloidal platinum 
and the effect of anti-catalytic bodies. J. v. Bergen, Karlsruhe, 1913, gives results 
of work witli palladium hydrosols. 

• Seifen. Ztg,, 1913, 851. 

t Fokin has used tho compound PdCli.2 NaCl os a catalyzer (Russian Patent 
22,629, Sept. 30, 1912; Chem. Ztg. Rep., 1914, 40). 
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with 0.05 gram o.smium tetroxide produced in Ij hours a fat of melting 
point 39° C. It is not necessary to use hydrogen under pressure.* 

Besides palladium and platinum the metals iridium, rhodium, 
ruthenium and osmium are specified as catalytic material.f Madina- 
veitiat has studied the catalytic activity of ruthenium, rhodium, iridium 
and osmium black. 

In connection with the volumetric determination of hydrogen by 
catalytic absorption in a solution of sodium picrate and colloidal pal¬ 
ladium Paal and Hartmann § note that oxygen and unsaturated hydro¬ 
carbons must be removed, for in pn^scnce of palladium, hydrogen 
reacts with them to form water and paraffin hydrocarbons res))ectively; 
and carbon monoxide should also be removed, as it acts as a “ poison ” 
on the catalyst, and greatly retards the absorption. 

Colloidal solution.s of hydroxides of metals of the platinum group, obtaimxl by 
treating a solution of a salt of the metal with sodium carbonate in presence of gum 
arabic, are found by Skita (l)ritish Patent 16,283, July 1.5, 1913) to be efficient hydro¬ 
gen carriers in the hydrogenation of unaaturated compounds, the reaction being 
possible even in neutral Holutioim. In this manner it is stated that unsaturaUsl 
fatty acid.s or fata can be hydrogenated to any degree. For example, a h.ard fat 
is obtained by paa.sing hydrogen at a pressure of seven atmospheres into a mixture 
of 50 parts (by weight) of peanut oil and 00 parts of a colloidal solution of palla- 
dious hydroxide, containing about 0.07 part of the hydroxide, at a temperature of 
60° C. 

• Arch. Pharm, (1913), 152; Seifen. Ztg. (1913), 418. 

1 Vereinigte Chemische Werke A. G. French Patent 425,729 (1911); Seifen. Ztg. 
(1912), 390. 

In using platinum or palladium the following example is given: 1000 kilos castor 
oil are mixed with 1 kilo of catalyzer which contains 1 per cent of i)alladium or 
2 per cent platinum either in the metallic state or in the form of the lower hydroxide. 
This mixture of oil and catalyzer is placed in a closed receptacle equipped with an 
agitator. Any moisture present is removed as completely as possible and then 
hydrogen is introduced, creating a gas pressure of 2 to 3 atmospheres. The contents 
of' the receptacle are heated to 80° C. and the agitator put into operation. Hydro¬ 
gen is introduced as required. The hydrogenation of fatty acids may be carried 
out in a similar manner, but care should be taken to use catalytic material contain¬ 
ing palladium or platinum which is not attacked by acids. One composition men¬ 
tioned for the purpose is prepared by mixing barium chloride with palladium or 
platinum chloride to which is added sodium sulfate and some hydroxylamine or 
other reducing agent. For the production of oleic acid one part of catalyzer carry¬ 
ing 1 per cent of palladium or 2 per cent platinum is used to 1000 parts of the fatty 
acid. 

Palladium in various metallic forms as a catalyzer is mentioned in Seifen. Ztg. 
(1914), 7, as forming a baai.s of a patent application by the Naamlooze Vennootschap 
Ant. Jurgens Vereenigde Fabrieken. See German Patent 272,340, 1912. 

J Chem. Abs., 1914, 1106. 

{ Ber. (1910), 43 , 243. 
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Thron * adds hydrogen to unsaturatcd bodies with the aid of a 
finely-divided metal of tlic piatinum group and formic acid. The 
latter is split by tlie platinum metals by catalytic action into carbonic 
acid and hydrogen, the latter, it is stated, causing the formation of a 
compound of the platinum metal and hydrogen (hydride of the plati¬ 
num metal). By adding to the substance to be hydrogenized formic 
acid and, for example, palladium black, the development of carbonic 
acid begins at once, while hydrogen is combined with the unsaturated 
bodies present. 

A platinum catalyzer used by Porter (U. S. Patent C84,863, Oct. 22, 1901) for 
igniting coinbustible gas is pr(‘j)are(l by mixing platinum black with the oxide of 
zirconium in about the proportion of twenty-five per cent of i)latinum to seventy- 
five per cent of zirconium oxide. To prepare this, the platinum in a state of solu¬ 
tion is mixi^l with the oxide of zirrtonium and the liquid is evaporated, leaving the 
platinum compound distributed throughout the mass. This is then applied to some 
im^oinbuatible .substance, such as a8b(*sto.s or mineral wool, which forms a convenient 
support for the substance. After heating, the platinum remains in a finely-divided 
Htat(‘. de Montlaur used mica os a support for platinum, Zeitsch. f. angew. Chem. 
(1914), fil, No. 7. 

A catalyzer capable of bringing about reaction between air and ammonia to form 
nitric oxide has been proposed by Schick (U. S. Patent 971,149, Sept. 27, 1910) 
and ia baaed on the use of platinum coated on a suitable carrier such as quartzite, 
porcelain and the like. The spongy form of platinum is not useful for the pur- 
])oae, owing to undesirable side reactions taking place in the center of the spongy 
mass. Accordingly a very thiu surface layer of platinum is deposited on the carrier, 
and to get a coating of sufficient thickness the carrier is coated with a glaze such as 
a mixture of felspar and an alkali that will soften easily when heated. The platinum 
material is then baked on the carrier in the presence of this glaze which brings about 
the formation of a uniformly thin layer of the metal. A temperature of 1400® C. 
is used. 

In discussing the properties of platinum as a contact material for igniting com¬ 
bustible gas, Perl (U. S. Patent 615,363, Dec. 6, 1898) states that after the dis¬ 
covery that finely-divided platinum did not fulfil the requirements, the endeavor 
was made to increase the effect of the finely-divided platinum by mingling the same 
with different porous bodies, according to the suggestion of Liebig (Pogg. Ann., 
Vol. 17 (1829), 107). Dobereiner (Journ. Praktischer Chemie, 1839, Vol. 17, 158) 
went further and prepared finely-divided platinum within the pores of natural or 
artificial meerschaum or clay. Perl regards a method of this character to bring 
about the formation of chloride of magnesiupi or other earths, because by reduction 
of the platinum salts which are in the pores of the employed material a part of the 
latter is always transformed by the action of the acids freed from the platinum 
salts (chiefly hydrochloric acid) into compounds which arc injurious on account of 
their hygroscopic properties, and which act as fluxes, causing the igniting material 
to become denser and more impenetrable for the gas after a short time. To meet 
these objections Perl proceeds as follows: 

Porous combustible material is thoroughly mingled with a solid or dissolved 
platinum salt. The mixture is dried at a moderate temperature, and the platinum 
• U. S. Patent 1,077,442, Nov. 4, 1913._ 
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is reduced in the pores of the incombustible material by bringing the mixture to a 
high degree of heat in a covered crucible until the hydi'ochloric acid or the vapors 
of any other acid have disappeared. The same result is also brought about by 
heating the mixture in a reducing gas flame. The residual salts arc now extracted 
with diluted hydrochloric acid and subsequently with water until all trace of any 
soluble salts removed. 

Efrem CBritish Patent 14,339, 1809; J. S. C. I., 1900, 72C) and Chem. Fab. vorm, 
Goldenbcrg (British Patent 618, 1900; J. S. C. I., 1901, 250) employ clay and simi¬ 
lar supporting material for platinum in prcp.aring catalytic material. (Sec also 
British Patents 6448, 1905; J. S. C. I., 1906, 432 and 10,729, 1901; J. S. C, I., 1902, 
548.) 

C. E. Munroe (TI. S. Patent 724,317, March 31, 1903) produces a form of plat¬ 
inum contact material active in oxidation processes by causing the formation upon 
perforated sheets or disks of asbestos and ui)on sh(«ts or dislcs of perforated metal 
or woven wire of a coating of finely-divided platinum. I'or instance, a perforated 
sheet of asbestos is immer.sed in an alcoholic solution of ammonium chloride and 
then in an alcoholic solution of iilatinic chloride, or, if prefi-rred, the sheet may be 
tirat immersed in the platinic chloride and subsequently in the ammonium chloride, 
forming upon the surface of the asbestos a crystalline precipitate of animoniuin- 
platinic chloride. When the pr(‘ei)utate has been formi'd, the sheet of asbestos is 
heated. The heat acts first to drive off tli<' alcohol and then decomposes the double 
platinum salt, leaving the metal in a very finely-divided state. 

Paal and Amberger * describe the production of preparations of a 
greasy consistency containing inorganic metal colloids of the platinum 
group, consisting in incorporating solutions of the divalent salts of the 
metals of the platinum group with bodies maintaining colloids in 
the colloidal state (protecting colloids) especially with wool fat or the 
alcohols obtainable therefrom by saponification, and adding a carbon¬ 
ate of an alkali to form the colloidal lower hydroxides of the metals 
employed. They note that preparations containing combinations of 
the divalent salts of the metals of the platinum group in a colloidal 
condition can be obtained, if, instead of the alkali carbonates used 
above, the alkali salts of certain weak organic acids are selected, for 
instance, the salts of the higher, saturated, or unsaturated, fatty 
acids (soaps). In this way there are produced in the presence of 
solutions of the metal salts, for instance, of divalent palladium, or 
platinum, triturated with wool fat, products which contain the corre¬ 
sponding palladium, or platinum, salts dissolved in colloidal form in 
the wool fat. 

If, according to Paal and Amberger, wool fat be impregnated with a concentrated 
aqueou.s solution of palladious chloride (PdCfi) and the mass be then triturated with 
^e equivalent quantity of potassium olcate in concentrated aqueous solution, the 
salts mutually decompose with formation of potassium chloride and palladious 
oleate which remains dissolved in colloidal form in the wool fat. As the palladious 
chloride is difficultly soluble in pure water but readily in hydrochloric acid it is dis- 
, ‘ U. S. Patent 1,077,891, Nov. 4, 1913. 
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solved in the latter and the acid is neutralized before triturating the liquid withit^K. 
fat by means of an amount of sodium carbonate equivalent to the hydrochh^, ^ 
acid used. The neutral PdCli then remains dissolved in the liquid. 

In order to obtain a preparation eontaining about 25 per cent colloidal palladious 
oleate 0.85 part of palladious chloride PdCI, = 0.5 part of palladium are dis¬ 
solved with the application of heat in 0.45 part of fuming hydrochloric acid (38 per 
cent HCl) and 2 parts of water, and the hydrochloric acid is neutralized by the addi¬ 
tion of 0.3 part of anhydrous soda either solid or dissolved in 0.7 part of water. 
The solution of PdClj thus obtained is then triturated intimately in small portions 
with 9.5 parts of wool fat softened at a gentle heat. Into the body thus obtained 
arc then stirred, also in small portions, 3.5 parts of potasssium oleate dissolved in 
15 parts of water. The formation of the palladium oleate is detected by the fact 
that the grca.sy mass colored red-brown by the palladious chloride becomes, on 
being triturated with the potassium oleate, first yellow-brown, then gray-brown and, 
after being allowed to .stand some considerable time, black-brown. To purify the 
product it may be either treated repeatedly with hot water at from 60° to G0° C., 
and the mass exposed in vacuo at from 40° to 50° 0., for the purpose of removing 
the water; or the original iiroduct may be dissolved in from 5 to 6 times its vol¬ 
ume of petroleum ether of low boiling point, the greater part of the by-products 
remaining un<li.ssoIved and the r«l-brown liquid organosol being dried with calcium 
chloride or dehydrati'd sodium sulfate. In this case a further part of the by-products 
separates along with the water. The petroleum ether is then distilled off from the 
liquid freed from the drying agent. The colloidal palladium oleate can be enriched 
in the “ointment” body by solution in petroleum other and precipitation with 
alcohol. A product is thus obtained containing about 70 per cent of colloidal 
palladium oleate, which like the 25 per cent preparation, is absorbed as organosol by 
all organic substances dissolving wool fat. Instead of a palladious salt, a platinous 
or oth(!r salt of the platinum group can bo used, for instance, the salt of divalent 
platinum re.sidting from the reduction of the platinochloride-hydrochloric acid with 
sulfur dioxide. Wool fat impregnated with platinous salt, when acted on by an 
aqueous solution of pota.ssium oleate, forms a colloidal platinous oleate (CmHaOjliPt. 

A mixture of the wool fat alcohols obtained from wool fat by saponification can be 
used in the same manner as wool fat. The wool fat alcohols are in their properties 
very similar to the wool fat itself and the mixture of alcohols obtained therefrom by 
saponification presents a still greater affinity for water than wool fat. The wool 
fat alcohols have a more solid consistency than the wool fat.* 

Meyer f reports an experiment on the hydrogenation of olive oil 
with a colloidal palladium hydroxide solution containing 0.2 gram 

* Amberger (Kolloid-Zeit. (1913), ij, 310) has prepared organosols of palladium, 
platinum, palladious hydroxide, palladium oleate and platinous hydroxide. In the 
preparation of the metallic organosols, hydrazine hydrate was used as a reducing 
agent. The palladium organosols (8 : 9 to 16 per cent Pd) had pronounced catalytic 
activity; small quantities dissolved in fatty oils were capable of transferring hydro¬ 
gen to the unsaturated glycerides of the oil, with the formation of so-called hardened 
oils. The platinum organosols contained 8.14 to 18.4 per cent Pt. The hydroxide 
organosols were prepared by the interaction of the corresponding chlorides and sodium 
carbonate and the palladium oleate organosols from the chloride and potassium 
oleate in presence of wool fat. (J. S. C. I. (1914), 41.) 

t Dissertation, Karlsruhe, 1912. 
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palladium and 0.34 gram gum arabic in -100 cc. Two volumes of 
olive oil to one volume of the colloidal solution were heated and agita¬ 
ted in an autoclave at a temperature of 70° to 80° C. under a hydrogen 
pressure of 6 atmospheres. Hydrogen was added to replace that 
absorbed. After one-half hour no further absorption of hydrogen 
could be noted, but the agitation was continued for 2 hours. The fat 
was then separated from the colloidal solution and boiled with water. 
A solid fatty product was obtained. 

For the purpose of combining hydrogen with nitrogen to make 
ammonia the Badische Anilin & Soda Fabrik * recommend cerium and 
a “ promoter ” as a catalytic agent. 

With some exceptions, compounds of the alkali metals and the alkaline earth 
metals are said to act as promoters of the catalytic power. Also oxides of the rare 
earth metals, tantalum and niobium, as well as silica, may be employed as promobTS. 
As a general rule those metals or compounds of the metals which yield oxides and 
salts which are non-rcduciblo by hydrogen are suitable for use as promoters. On 
the other hand, the nietalloiiLs, such for instance as sulfur, selenium, tellurium, 
arsenic, phosphorus, and also the easily fusible and easily reducuble metals, such for 
instance as lead, tin and zinc, generally act as contact poisons, whether the element 
be added or be pr(fflent as such or in the form of a compound. 

The following example is given. Take metallic cerium which has been prepared 
electrolytically and is in the con<lition of small grains, and mix it with about two 
per eent of its weight of powdered potassium nitrate, and then place the mixture 
in the contact tube. On passing a mixture of hydrogen and nitrogen through the 
tube, while heating, a catalytic agent is obtained which is said to give about three 
times the yield that the untreated cerium affords. 

On account of the high price of osmium and ruthenium or their compounds they 
are used by the Badische Co.f for catalytic purposes on special carriers, in order to 
secure the greatest possible surface action. This is effected by solutions of their 
compounds such as alkali osmate and alkali ruthenate. The resulting contact 
masses can be employed cither directly or after previous special treatment, such 
as heating, action of alkalies, acids, or reducing agents, etc. Asbestos, oxide of 
magnesium or aluminum, pumice stone, meerschaum, clay, cement, kieselguhr, 
metals, coal, etc., find application as carriers. For example, granulated meer¬ 
schaum is saturated with a solution of jrotaesium osmate in dilute potash lye, 
and the water evaporated in vacuo, so that 2 to 5 per cent of osmate remains 
upon the carrier. 

In order to prevent the aggregation of a colloidal compound such as palladium 
hydrate and the like, it has been suggested t to use a solid fat in which the 
colloidal particles are fixed so that the organosol is rendered stable. The use 
of a solid fat of low iodine number such as is prepared by hydrogenation and 
preferably one which has been completely saturated with hydrogen enables such 
metallic organosol, especially metal catalyzers, to be preserved over an indefinite 
period. 

• U. 8. Patent l',008,908, July 29, 1913. 

t German Patent No. 292,242, Decemter 22, 1912. 

t Kalle & Co., German Patent No. 284,319, March 1. 1914. See also German Patents 
206^11 a^i288i620 Chem. Abs., 1916, 2618. 
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Colloidal palladium used by Albright * in determining the hydro¬ 
gen number of esKential oils was a coinmerieal product,f and the 
following is the manner of its preparation.^ 

A solution of a palladium salt is added to a solution of an alkali salt of an 
acid of high molecular weight, in this ca.se the sodium salt of i)rotall)inic acid 
(an egg albumin decomposition product). An excess of alkali dissolves the pre¬ 
cipitate formed and the solution is said to contain the palladium in the form of 
a hydrosol of its hydroxide. This solution is imrificd by dialysis and the hy¬ 
droxide reduced with hydrazine hydrate. On further dialysis and evaporation to 
dryne.ss there is obtained a water-soluble product consisting of colloidal palla¬ 
dium and .sodium protalbinatc in the form of black shining lamcllse, which 
contains about 60 per cent iialladium. The sodium protabiinate present in the 
mixture acta, when the material is in .solution, as a “protective colloid.”§ 

As is well known, colloids in general arc ])rccij)ibited, “ flocked out,” by ions 

(e.g., ASiSj by HCl), duo to a transfer of elcctrii^al charges, but in the presence 
of a protective colloid relatively large amounts of electrolytes arc necessary to 
bring thus about. 

Hydrogenation involving the use of colloidal palladium differs from some other 
processes of catalytic reduction in that the reaction hius not been observed to 
proceed in the absence of water nor if the projiortion of water in the reaction 
mixture be too small. For instance, in the case of cottonseed oil, a portion of 
this material showed no ahsor|>tion of hydrogen on lieing shaken with a small 
quantity of iiowdered colloidal jialladium. The same result was obtained whether 
the oil was suaiiended in 9.5 jier cent alcohol or dissolved in acetone. On adding 
15 to 20 per cent of water to llic acetone solution, however, reduction took place 
at a fairly rajiid rate. i this morc convenient form of colloidal palladium be 
not available, a substitute may be prepared as needed in the following way:|| 
0.05 g. palladous chloride is placed in a shaking flask (sec Fig. .50(7, p. 306), followed 
by 50 cc. of 50 per cent alcohol and 1 or 2 cc. of a 1 per cent aqueous solution 
of gum arabic (the weight of gum used Iieing aliout one-fourth the weight of the 
PdCb). On shaking this mixture in an atmosiihere of hydrogen, the chloride is 
reduced with formation of a black solution of colloidal palladium, which is ren¬ 
dered stable, i.e., “ revensihle,” by the. small quantity of the reversible colloid 
present, gum arabic. While this solution may be substituted for that of the 
technically prepared substance, it is actually more expensive, as experiments 
show that 0.02 g. colloidal palladium costing f0.048 is at least as active as 0.06 g. 
PdCb, costing $0,075. Paal’s colloidal palladium and palladous chloride contain 
approximately equal percentages of the metal. 

Certain substances are regarded as poisonous with respect to colloidal palla¬ 
dium, for example, formaldehyde contained in impure methyl alcohol is said to 
be harmful, and allyl isothiocyanate entirely inactivates it, so that mustard oil, 
for example, cannot be treated. 

• J. Am. Chom. .Soc., 1914. 2188. 

t Prepared by Kalle & Co., Bicbrich am/R. Price about $2.40 per gram. See Paal 
and Hartman, Her., 43 , 248-9, 1910. 

J Paal and Amberger, Ber., 37 , 124, 1904; Chem. Zentr., 1904, I, 672. 

§ Paal and Amberger, loc. cit., see also Skita and Franck, Ber., 44 , 2862, 1911; Chem. 
Zentr., 1911, II, 173. 

II Skita and Franck, loc. cit 
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A catalyzer suitable for the hydrogenation and dehydrogenation 
of oils or other organic compounds, is prepared according to the 
Badische Company * by treatment of an artificial zeolite such as 
sodium aluminum silicate with an acid solution of palladium chloride, f 

Fahrion J refers to the disadvantages of using so sensitive a cata¬ 
lyzer as palladium, especially in view of its high price (1 kilo palla¬ 
dium costs 6000 M.). According to Connstein the loss in palladium 
amounts to 5 to 7 per cent of the catalyzer employed, equivalent 
to 1.10 to 1.20 M. per 100 kilos fat. Bergius is reported by I'ahrion 
as stating that the loss is about 1 g. of palladium per barrel of fat 
hydrogenated. 

At the Vereinigte Chem. Works at Charlottenlnirg, hydrogenation 
is effected at 100° C., under a pressure of two to three atmospheres 
by means of 0-00002 part of palladium chloride in the presence of 
an alkali. § 

The rate of hydrogenation is retarded in many cases by the 
presence of acids and Skitajj has obtained certain colloidal forms 
of the metals of the platinum group which are considered more suit¬ 
able for the purpose than acid-liberating types. 

A catalyzing device projOTsed by Sabatier and Mailhe II con.^sts of a network 
of wires, blades, rods, or tubes of catalytic materials adapted to be heated to the 
necessary temperatures by the passage of an electric current. Metals of the 
platinum or nickel series, or their alloys, or tantalum are suitable catalytic 
materials, or any metal coated with a catalytic metal may be used as the cata¬ 
lyzing material. Or the electrically heated metal network may be embedded 
in finely-powdered metal, or in metal oxide, carbonate, or other catalytic salt, 
suitable oxides being those of thorium, zirconium, uranium and titanium.** 

A catalyzer prepared by de Montlaur for the oxidation of ammonia, consists 
of a lustrous and adherent deposit of metallic platinum on such inert material 
as mica, glass or porcelain. It is obtained by coating the supporting sur¬ 
face with a solution of a platinum tetrachloride in an essential oil, preferably 
blue chamomile oil, and effecting reduction at a red heat, or by the decom¬ 
position at a bright red heat of sulphur compounds of platinum.ft 

Neumann proposes a support for contact material platinized only at the sur¬ 
face, ft Porous supporting material is first subjected to a treatment by which 
an insoluble precipitate is formed in its pores. For example, it may be treated 
first with potassium silicate and then with hydrofiuosUicio acid, or first with 

* British Patent No. 8,462, April 3,1914. 

t Cf. Mittasch, Schneider and Morawitz, following. 

J Die Hhrtung der Fette, Braunschweig, 1915, p.. 34. 

$ CoHetas, Les Matihres Grasses, 1914, 7, 4151. 

II Seifen. Ztg., 1914,1213. 

t British Patent No. 2,011, February 8. 1915; Chem. Aba., 1916, 2032. 

•♦See French Patent No. 475,367, February 14, 1914; J. S. C. I., 1916, 32. 

tt French Patent No. 445,857, September 15, 1911. 

Qen^ Patent No. 218,725, May 2,1908; J. S. C. I., 1910,487. 
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barium chloride and then with sulphuric acid. It is then washed, dried and 
platinized by heating and spraying with a platinum .soluiion containing a reduc¬ 
ing agent, after which, it is washed with water or with acids in which the pre¬ 
cipitate is in.soIuble. By this method loss platinum is used than by the process 
described in German Patent No. 188,503.* 

A contact substance for catalytic reactions described by Niedenfuhrf consists 
of a hollow perforated metal support coated with platinum electrolytically or 
otherwise. 

Commenting on British Patent No. 18,642 to the Vereingte Chemische Werke, 
Fokin t states that in 1906 he § published a communication on the reduction power 
of platinum hydroxide and, in fact, had made application for patent in Russia in 
April, 1909. In 1910 || he published a further communication in which the theory 
of the process and the function of the three factors, namely; the hydrogen atom, 
the hydroxyl group, and the double l>ond were discussed. Fokin observed that 
complex compounds of platinum were formed which are organosols. These 
po.sse.ss a surface of “ unlimited ” area, which accelerate the reaction in the 
highest degree. Later in a publication on the preparation of isomers of oleic 
acid the procedure was more fully detailed by Fokin and methods of determining 
the hydrogen number were described, in which platinum oxide was used as the 
catalytic agent. If 

Galactose, rosulling from protracted boiling of aqueous glue solutions, is 
advanced by Classen * * as a (irotective colloid for finely-divided metals, a salt of 
the metal being n’duccd in the presence of this agent. 

The protective action of a number of colloids has been determined by Groh ft 
by measuitimcnfs of the extent to which iJiey retard the catalytic decomposition 
of hydrogen [wroxide by colloidal i)latinum. The following values show the 
times required by colloidal platinum to effect 50 per cent decomposition of the 
peroxide without and in the presence of protective colloids. Without a protective 
colloid twenty minutes, 0.1 per cent gelatin two hundred and sixty-five mintues, 
0.1 jier cent gum arabic eighty-six minutc.s, 0.1 per cent dextrin sixty-six minutes, 
0.01 per cent gelatin one hundred and fifty minutes, 0.01 per cent gum arabic 
thirty-nine minutes, 0.01 [ler cent dextrin twenty-eight minutes, 0.001 per cent 
gelatin one hundred and three minutes, 0.001 per cent gum arabic twenty-one 
minutes, 0.001 per cent dextrin twenty-three minutes, 0.0001 per cent gelatin 
seventy-one minutes. H 

Zelinsky §§ has shown that catalytic dehydrogenation by palladium or plat¬ 
inum appears to be characteristic of hexamelhylene hydrocarbons and may be 
used for the separation of pcntamethylene and hcxamethylene hydrocarbons and 
to the investigation of petroleum distillates. A mi.xture of methylcyclopentane 
and cyclohexane was subjected three times in succession to the action of platinum 

» J. S. C. I., 1908, 502. 

t German Patent No. 225,705, July 31, 1908. 

: Chem. Ztg., 1913, 61. 

§ Journ. Rubs. Phys. Chem. Gesell., 1900. 419 and Zeit. Electrochem, is, 749. 

|j Journal Russ. Phys. Chem. Gesell., 1910,1074. 

11 Zeit. Analyt. Chemie, 48 , 337, and Journ. Russ. Phys. Chem. Gesell., 1908, 700. 

** Zeitseh. angew. Chem. Referat., 1915, 58, German Patent No. 281,305, March 30, 
1913. 

^tt Z. physik. Chem., 88 , 414. 

ttChem. Abs., 1915, 7. 

'ii Ber., 1912, 3678; J. S. C. I.. 1913,79, 
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black ai 300° C.; the quantity of hydrogen evolved was 03.4 i)er cent of the 
thcoreiic^al quantity eaieulated for the eonveraon of cyclohexane into benzene. 
The product, was treated with sulphuric acid (2 vols, of acid of sj). gr. 1.84 
mixed witii 1 volume of fuming acid contammg 7 jmt c.ent. of anhytlnde), which 
euIphonat.ed the benzene; the residual unut.tack(Hl hydrocarlion, after distillation 
over sodium had the pr()|)orties of the original pure rnethylcyclojienlane. A 
fraction (iioiling-point 102“ to 104“ C., sp. gr. 0.7Ci47 at 18° 0.), from Baku 
petroleum, after purification by treatment with sulphuric acid of the strength 
mentioned above, when treated in a similar manner yielded toluene and a hydro¬ 
carbon Ci)oiHng-ix)int 101“ to 102.5“ C. sp. gr. 0.7488 at 20“/4° C.) whi(di was 
probably a derivative of eyeloix;nt.ane or cyclohutane. A petroleum fraction 
(boiling-point 100° to 100.5“ C.) obtained liy repeated treatment of so-called 
“ naphtlia-heptanaphthenc ” with a mixture of nitric and sulphuric acids, gave 
similar results. 

Normann and Schick liold tliat, contrary to the views of Leh¬ 
mann, osmium metal and not tlic dioxide, is responsible for the 
catalytic action noted in fat hardening.* 

Colloidal hydroxides of osmium and rutlienium and the eolloidal inetaLs 
themselves may lie prepared according to Kalle und Co. A. G.t by means of a 
proU^ctive colloid. The tetroxide of osmium or of ruthenium is mixed with the 
protective colloid, such as sodium protalbinate or lysalbinate, and with alcohol, 
and the mixture (waporated c^irefully to dryness. Tlic solid colloidal hydroxide 
thus obtained may be reduced to the colloidal metal by means of hydrogen at a 
low tomperaturo. The advantage of tliis modifi(tation is found in avoiding the 
admixture of salts and alkalies and in the fact that dialysis is not necessary. 
The preparation in detail is as follow.s: 

One part sodium protulbinate is dis-solvod in 2(X) to 300 parts water and then 

I. 34 parts osmium t.etroxidc in about 00 volumes cold alcohol is added. The 
mixture is then cither evaporated to dryness in vacuo, or else gently heated on 
the water-bath to remove most of the solvent and finally dried in vacuo. The 
osmium tetroxide is rcdmxjd by the alcohol to tlie tetrahydroxide Os(OH) 4 . 
If evaporation is effected in jileno, ammonia must be added from time to time in 
order to prevent rcoxidation of the hydroxide U> the volatile oxide. If the 
jirocess is applied to ruthenium 1«troxide, the alcohol must be added to the 
solution of the protalbinate or lysalbina1« of a,>dium, and the tetroxide, dissolved 
in water is allow'ed to flow gradually in the solution with stirring. Ruthenium 
chloride, RuaCl#, or the potassium salt of the acid may be used as the initial 
material, which is first converted by treatment in a current of chlorine, in the 
presence of wator with heating, into the tetroxide. If the osmium or ruthenium 
hydroxides are to be converted into the corresponding colloidal metals, the solid 
products are carefully powdered and treated in a tube freed from air by carbon 
dioxide with hydrogen at 30“ to 40°, obtaining thereby colloidal Os or Ru. If 
the colloidal tetrahydroxides are to be obtained in dilute aqueous solution, a 
smaller amount of stabilizer will be sufficient. J 

* Scifen. Ztg., 1914, llll; Arch. Pharm., 1914. 

t German Patent No. 280,305, July 30,1913. Addition to German Patent No. 248,525; 

J. 8. C. I.» 1915, 492 and 1912, 952. 

^Chem. Abs,, 1916,1378; Zeitsch. angew. Chem., Referat, 1915, 22. 
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Osmium and ruthenium compounds are used as catalyzers in the synthesis 
of ammonia. Asbestos, meerschaum, or similar material is soaked in a solution 
of alkali osmate, or alkali ruthenate, and dried. The contact mass thus obtained 
can be employed for catalytic purposes either directly, or after being heated, or 
acted upon with acid or reducing agents.* Osmium as an oxidizing catalyst is 
described by Hofmann, t Ruthenium is favored by Mittasch as a hydrogenating 
catalyzer, t 

By supporting platinum on charcoal, a catalyzer is obtained, 
according to Mannich,§ which is free from the disadvantages of 
colloidal platinum and is more efficient than the metal on an indif¬ 
ferent carrit'r. Purified animal charcoal is recommended. A plat¬ 
inum black charcoal catalyzer has been fotind to absorb great quan¬ 
tities of hydrogen. The results obtained on castor and peanut oils 
show distinctly advantageous nwults. Palladium supported on small 
pieces of coke is used as a catalyzer by Verona-Rinati.H 
Platinum and cai'bon, e.sirecially charcoal, in admixture, have bc'cn 
found by Mlli.« to afford a (h'sirable cat.alytic agent. 1| In preparing the 
catalyze')’, ciire is tak('n to exclud)' oxygen. The cerium group of 
metals as hydrogen ciU'riers is considered by Kllis,** who recommends 
(K'rium incoriJOi'ated with cluu’coal. 

By the addition of animal chai’coal Mannich and Thiele tt find the 
absorption capacity of palladium for hydrogen is greatly increased, 
and the mixture absorbs much more gas than the total quantity 
absorbed by the sepai'atc constituents. A catalyst which rapidly 
effects the complete hydrogenation of fats is prepared by shaking 
powdered, ignited animal charcoal with palladium chloride (prefer¬ 
ably 2 per cent) solution and hydrogen until no more gas is absorbed. 
The powder is then washed and dried and can be kept unaltered. 
It can be used in conjunction with any solvent and, after hydro¬ 
genation, is completely separated by simple filtration, without leaving 
any trace of metal in the fat. In these respects it is superior to 
colloidal palladium preparations. 

An oil such as peanut oil can be hydrogenated by means of of its weight 
of animal charcoal containing 0.2 per cent palladium (ratio of metal to oil = 
1:30,000) into a tallow-like mass, with M.P. 51° C. and iodine value 45.5. 

* Badischo Co., British Patent No. 12,977, June 4, 1913. 
t British Patent No. 20,593, September 11, 1913; Chem. Abs., 1915, 697. 
tJU. S, Patent No. 1,173,532, February 29, 1916. 
f Seifen. Ztg., 1914, 1174. 

II Annali Chim. Appl., 1914, 99, 
hu. 8. Patent No. 1,174,245, Mar, 7, 1916. 
f * U. S. Patent No. 1,167,280, Jan. 4, 1916. 

itt Bcr. Deutschen Pharm. Ges., 1916, 26,36'48; J. S. C. I., 1916,648. 
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Even by the use of 1 part of {>alladium (distributed over animal charcoal) to 
1S0,0(X) parts of peanut oil the hardening can be effeeled in one operation. 

A catalyzer used in the production of propylene by the union of 
acetylene and methane and containing two catalytic metals is pre¬ 
pared by Heinemann * in the following manner: 

One of the contact metals, for example, copper, is deposited in a porous body, 
for example, pumice stone, either elcctrolytically, or by the reduction of a copper 
salt. The pumice stone, provided with a coating of copper, or having its pores 
partly filled with copper, is then dipped in a Solution of a salt of a contact metal 
of the platinum class, for instance, chloride of platinum, and is dried. The salt 
is then reduced. In this way there is obtained a contact body consisting of 
two metals which are stated to exert a mutual balancing effect on one another, 
the more active property of the platinum group metal being mitigated by the 
less active property of the other ineUil associated therewith, and allowing the 
desired rcact.ion to take place at a moderate temperature. 

Boeseken ami Hofstedef carried out (ixperiinenls on the absorption 
of hydrogen by ciiiri<amic acid and its esters, using a palladium solution 
prepared according to the method of vSkita and Meyer and found con¬ 
siderable irregularity in the velocity of the reaction under what were 
thought to be companiblc conditions. The pre.senee of small amounts of 
oxygen in the hydrogen was found to exert a marked activation of the 
catalyzer. It is (xtncluded that even in (his apparently simple catalytic 
reduction, viz., an irreversible reaction with elementary catalyzer, 
the phenomena arc far more complicated than could be expected. 

An interesting form of catalyzer investigated by MittaSch, 
Schneider and Morawitz J contains the elements of a metal of the 
platinum group and an aluminate silicate, and can be obtained by 
taking an aluminate silicate containing water, such as a natural or 
artificial zeolite, and replacing a part or the whole of its content of 
alkali metal or alkaline earth metal, by the platinum metal. 

- The product obtained can be subject^ to further treatment. For instance, 
it may be heated and reduced, and this reduction is desirable if the catalytic 
agent is to be employed for tlie hydrogenation of organic eompounds. After 
such reduction, the catalytic agent contains a platinum metal in a metallic form 
arid also the elements of an aluminate silicate. 

The introduction of the platinum metal into the silicate ean lie effected by 
digesting the alkali metal aluminate silicate with a solution of a platinum metal 
salt. Or, the zeolite as obtained (or after being gently heated, so that some of 
the water is driven off) may be soaked in a solution of a platinum metal salt, 

• U. S. Patent No. 1,202,386, October 22, 1916. 

t Proc. Akad. Wotensch., Amsterdam, 1918, ao, 434; Chem. Abe., 1918,1144; J. S. C. I., 
1918, 136A. ' 

X U. B. Patent No. 1,216,396, February 13, 1917. See also British Patent 1,368, 
Jan. 27, 1915. 



THE RARE METALS AS CATALYZERS 


261 


so that the platinum metal salt enters the 7.eolitc, and some replocjement of the 
alkali metal or alkaline earth metal hy a platinum metal takes place, although the 
alkali remains in tiie mass. 

Example: Digest 100 j)art-s of the artificial zeolite, «)dium aluminato silicate 
such as the ordinary commercial granular sodium permutite found on the market) 
with a weak liydrochloric acid solution containing one-tenth of a part, to half a 
jiart, of palhidium subchloride, either at ordinary temjxirature, or while warming, 
until the solution is decolorized. If the catalytic agent is to be used for hydro¬ 
genation purposes, wash the ma>ss well and dry it and reduce with liydrogen at from 
150® to 200° C., or with formaldehyde at a lower temperature. The catalytic 
agent whicli is obtained can be used (either directly, or after jiulvcrization) for 
the. hydrogenation or dehydrogenation of organit! ('ompounds, and, when liquids 
arc treated, the.se can with advantage be allowed to trickle over the catalytic 
agent. Instead of sexlium permutite, other aluminate silicates containing an 
easily replaceable base, or more than emc easily rejilaceablc base, can be eni- 
])loyod, for instance, natural zoolite.s (tan 1 m^ used, such as analciine, natrolitc, 
chabasite. In a similar manner, other platinum metal z(‘(ditcs can be prepared, 
fur instance, those of phitimun ibsedf and of rlHaliuin, iridium, rutlionium and 
o.smiuin. A platinum zeolite can Ik* obtained by heating an artificial zeolite 
until more or less of the water ha.s Ixten driven off, and then soaking it in a 
solution of platinum hydrcxthloride, drying and heating, whereupon, any soluble 
salts, such as sodium chloride can be rcmioved by washing or digesting. An 
osmium zeolite (^an be prc*par(^d l)y soaking a zeolite in a solution of potassium 
osmate, and heating. I'he artificial or natural zeolite can first bo converted 
into ammonium zeolite, and this cither dir(!ctly or after healing can be con¬ 
verted into osmium zeolite, by treat-ment with potassium osmate.* 

Amberger f states that practically all previous preparations of 
colloidal osmium have resulted in a colloidal oxide or hydroxide. 
Amberger has prepared organosols of platinum and palladium in 
wool fat and now applies the same principle to the preparation of 
colloidal osmium. 

Two parts of osmium tetraoxide are dissolved in 7 parts dilute caustic soda 
and alcohol added till sodium osmate is formed. This is gradually stirred into 
13 parts of warm wool fat, intimately mixed, then hydrazine hydrate is added 
slowly; the emulsion swells and takes on a metallic grey color and on standing 
twenty-four hours becomes black. Another wanning and the addition of more 
hydrazine hydrate are necessary for complete reduction. To remove by-products 
the mass may be dissolved in petroleum ether, washed, dried and the ether dis¬ 
tilled off. There results a brown-black salve, easily soluble in organic liquids 
which dissolve wool fat, giving transparent, brownish black liquids. For analysis 
this salve is dissolved in petroleum ether, precipitated by more than an equal 
volume of alcohol and osmium determined in the dry precipitate by the method 

* Artificial zeolites are put on the market under the names of permutite, and are de¬ 
scribed in British Patent No. 23,706/12 and also in the article “ On Artificial Zeolites ” 
by Siedler. on page 262 of the report of Section 2 of the Seventh International Congress 
of Applied Chemistry held in London in 1909. 

t Kolloid-Z., 17, 47-51, 1915; Chero. Abs., 1916, 3169. 
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of Knotte.* The osmium eonlcnt is at)oul. 7.9 [xr «mt.. Tliis contains oxides of 
osmium as well as nielallie osmium. In order to reduce (he colloidal oxides 
th(i original emulsion, after n'duction with hydrazine hydrate, is dissolved in 
petroleum ether and precipitated liy alcoliol; nearly all the osmium precipitates 
in combination with a large proportion of the wool fat. Thi,s coaguluin is 
washed free from alkali, dried, powdered and then reduced with dry hydrogen 
first in the cold then at 30® to 50®. This gives a stable organosol, easily soluble 
in liquids which dissolve wool fat. The osmium content Ls 20.9 per cent. If 
in.stcad of reducing the sodium osniate wool fat emulsion with hydrazine hydrate, 
sulphuric acid is added, an organosol of osmium dioxide is formed, one prepara¬ 
tion of which gave 0.53 per cent osmium dioxide. By dissolving in petroleum 
ether and precipitating with alcohol, then washing, the concentration may be 
raised to an osmium dioxide content of 24.5 per cent. 

Silicic acid is used by Schwerin,f to form stable colloidal solutions of mefals' 
for example, a solution of silicic acid containing about 2.5 per cent of the acid 
is mixed with a diluted solution of a gold or silver salt and the melal is re¬ 
duced by a reducing agent suitable for separating it in the colloidal form. If, 
for instance, hydrazin hydrate is the reducing agent a completely clear brown 
eilvcr sol, or deep blue gold sol, is obtained. 

By the method of SchwaremanJ a precipitated sesquioxide is treated 
with a soluble salt of a platinum group metal, such as palladium, 
until a certain amount of active compound is deposited; the treated 
sesquioxide is then dried at a comparatively low temperature, best 
after thorough washing; the hydrated sesquioxide being advan¬ 
tageously formed under conditions permitting adsorption or absorp¬ 
tion of colloid organic matter, such as keratin dissolved in caustic 
alkali. 

The sesquioxide may be ferric hydrate, chromium hydrate or aluminum 
hydrate, the latter giving best results. Other hydrated non-basic or slightly 
acid oxides, such as hydrated tin oxide, titanic acid, tungstic acid, etc., may be 
used but have no particular advantage over the sesquioxidcs. Hydrated oxides 
of the type of cobalt oxide, nickel oxide and zinc oxide, for general hydrogenation 
work are stated to be far inferior to the sesquioxides. Palladium is the best 
metal of the platinum group to use for the purpose of hydrogenating, although 
platinum compounds may be used for this purpose, and for oxidizing are even 
better. Osmium, ruthenium, and rhodium also may be used. 

The hydrated sesquioxides although not active as hydrogenating agents 
per se, according to Schwareman appear to heighten the activity of palladium 
in some degree as " cocatalysts.” This is said to be particularly true with 
palladium hydroxide distributed through hydrated alumina. Anhydrous alumina, 
as a carrier, he states affects the activity of palladium but little if at all. The 
hydrated o.xideB are all readily soluble in dilute acids, which is convenient in 
regenerating the catalyst. 

• Z. angew. Chem., 15. 393, 1902. 
t U, B. Patent No. 1,119,647, December 1, 1914. 

:c. S. Patent No. 1.111,602. Sentember 22. 1914. 
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According to a formula by Schwarcman, 342 parts of aluminum sulphate, 
Ali(SO()j, are dissolved in 3400 parts of water and the temperature is adjusted 
to about 170“ F. A solution of 240 parts of commercial caustic soda or the 
equivalent amount of carbonate, in 1000 parts of water at about the same tem¬ 
perature, is then added. The addition of soda results in the precipitation of 
hydrated alumina. This precipitate is washed until all the soluble salts hav(^ 
be.en removed. The hydrate so obtained is next treated to incorporate, palladium. 
For this purpose. 0.312 part of palladium chloride arc dissolved in 100 parts of 
water and the hydrated alumina treated with this solution. The mixture then 
is brought to a boil, filtered and the solid material washeil. This l.realrrient 
leaves the alumina charged with merely the quantity of palladimii it will absorb. 
The material after washing is dried at a moderate temperature. A high tem¬ 
perature. is apt to cause dehydration of the palladium oxiile, and of the alumina 
as well, to an undesirable extent. A drying temperature of about 170° is best. 
Using the amounts of materials indiiated, there will lie obtained about l.fiO parts 
of a fine-grained brown powder containing approximately 0.2 per cent, palladium. 
Generally most of this palladium exists in the catalyst in the form of a hydrate. 

A more active, catalyst, in a somewhat different jibysical form is obtained by 
using a little keratin or other organic, colloid dissolved in the camstic soda used 
for forming the hydrated alumina. Wool is very well suited. The same reagents 
in the same proixirtioiis may be used together in the manner indicated above 
with the exception, that about 5 parts of wool, are previously di.ssolvcd in the 
caustic soda solution. The final material obl.ained is more fluffy and bulky 
than where the wool is omitted. This fluffy bulky catalyst is kept in siisiien- 
sion in the oil with particular readiness. 

Schwiircman states t.hat since jialladium oxide does not form soups with fatty 
acids, it may be employed in hydrogenating free oily and fatty acids and that, as 
alumina is insoluble in fatty acids, the palladium carried by this sesquioxide 
makes a particularly good catalyst for this iiurposc. 

Sulzberger* considers that the moat efficient way of intimately 
distributing a catalyzer is by dissolving the initial catalytic matt'rial 
in the body, which is to lie treated, and then, should not the form, 
’ti which the material was dissolved in the body, be ■per se catalyt- 
ically active, transforming it liy chemical reaction or otherwise into 
a product of catalytical efficiency. 

All an example, he cites the hardening of cottonseed oil with a catalytic agent 
belonging to the platinum grouji: palliidium. Sulzliergcr notes that a palladium 
product of the desired quality can be obtained by treating a palladium salt, as 
for instance, “ palladium-ammonium chloride ” with soifium olcate, which result¬ 
ing compound is soluble in cottoncccd oil and can be used a. a catalyzer of 
highest efficiency, as, being so finely-divided in the oil, even very small quanti¬ 
ties will give good results. The solution of this jiroduct in the oil darkens when 
heated, in con.scquence of its palladium content and such solution hardens to a 
product of jelly-like consistency at certain temperatures and when containing 
certain amounts of Ihc palladium body. Cottonseed oil, when containing this 
body is readily hardened when treated with hydrogen. 

* U. S. Patent No. 1,171,902, February 1,5, 1916. 
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In cases where the product, which is to act as a catalyzer, cannot be madd 
use of in a form soluble in the body wliich is to be treated catalytically, the 
very fine distribution of the catalytic agent may be accomplished by dissolving 
it in a solvent, which mixes with the body to be treated, with or without pre¬ 
cipitation. For example, the above palladium compound being soluble in ether, 
could be added to the cottonseed oil in such solvent. 

Killing * employs a composition of thorium oxide and a metal of the platinum 
group in a state of very fine division as a catalyst in a gas igniting device. 
In producing this material nitrate of thorium and chloride of platinum, are mixed, 
afterward ashing or burning out the mixture, producing a fixed sponge of thorium 
oxide and platinum black. The proportions which Killing has found best suited 
to the end in view are 1 part of thorium nitrate to 2 to 2^ parts of platinum 
black. Iridium and other metals of the platinum group may be substituted for 
platinum or mixed therewith without destroying the efficiency of the compound. 
Other rare earths may be substituted for the thorium, as, for instance, cerium, 
and zirconium. 

The effect of the hydroxides or oxides of iron, copper, mercury and zinc on the 
catalytic activity of palladium hydrosol has been studied by Paal and Hartmann.f 
Ferric hydroxide has no action while copper hydroxide lowers th(! activity. Zinc 
hydroxide at first depresses the activity but after a time the catalyst becomes more 
than normally active. Yellow mercuric oxide permanently impairs the activity 
of the hydro.soI. 

Users of platinum in catalytic reductions have begun to recognize that it some¬ 
times matters whether the catalyst is entirely free from occluded oxygen at the 
outset or has been freely exposed to the air. For example, HessJ ha.s shown that the 
rigid exclusion of o.xygen is necessary in order to insure success in the reduction of 
pyrrole and some of its derivatives. Willstatter and Jaquet§ describes cases of the 
opposite kind, in which the catalyst must be activated by exposing it to oxygen, at 
intervals. The most interesting example is phthalic anhydride. If this is dis¬ 
solved in glacial acetic acid and treated with hydrogen in the presence of platinum- 
black, only a small volume of gas is absorbed, unless the apparatus is opened as 
occasion requires and the catalyst is agitated in contact with the air. Then the 
reduction proceeds smoothly to hexahydrophthalic acid. It appears, therefore, that 
platinum and oxygenated platinum must be regarded as distinct catalysts. (See 
page 260.) 

♦ U. S. Patent No. 614,.557, Nov. 22, 1898. 

t Ber. 1918, 51 , 894 and 711; J. S. C. I., 1918, 500A, 579A. 

}Ber. 1913, 4*, 3120, 4104. 

} Ber. 1918, 51 , 707; J. S. C. I., 1918,560A; J. Chem. Soc., 1918, i., 391. 



CHAPTER XI 


THE OCCLUSION OF HYDROGEN AND THE MECHANISM 
OF HYDROGEN ADDITION 

As an acquaintance with the subject of hydrogen addition and 
reduction by hydrogen of various bodies may load to a broader knowl¬ 
edge of catalytic reactions in the hydrogenation of oils, the following 
notes by various observers are included. 

Sieverts and Krumhaar* did not find hydrogen to be absorbed by 
the metals cadmium, thallium, zinc, lead, bismuth, tin, antimony, 
silver and gold. The solubility in copper, nickel, iron and palladium 
is shown in the graphic curve diagram. (Fig. 50.) 

Tli<‘ curves show that the solubility increased regularly with the temperature up 
to the melting point and then suddenly increased, the solubility in the liquid metal 
then increasing regularly in the same manner. With palladium, however, the 
solubility was independent of the temperature up to the melting point and then 
diminished to one-half, and in the liquid metal was again independent of the temper¬ 
ature. On cooling, copper retained 20 per cent and nickel 8 per cent of the hydrogen 
absorbed, and in the case of iron, the evolution of gas was so violent on solidification 
that the tube was blown to pieces, leaving a spongy regulus. In experiments with 
alloys it was found that the addition of gold lowered the solubility of oxygen in 
silver. The copper alloys and hydrogen formed three groups: (a) those in which 
the solubility was not influenced, such as silver; (!<) those in which the solubility 
was lowered, such as gold, tin, aluminium; (c) those in which the solubility was 
higher than that accounted for by the copper content, such as nickel and platinpm. 
The solubility in copper alloys was jffoportional to the square root of the pressure, 
and the view that occlusion was due to adsorption is untenable, and although Sieverts 
and Krumhaar hold the view that adsorption did not exist at high temperatures, 
they do not express any opinion about low temperature conditions, and they put 
forward the view that gases and metals form solid and liquid alloys, the solubility 

of which does not follow Henry’s law, but is expressed by the formula 

m 

Exhaustive data are given by Sieverts (Z. physik. Chem. (1911), S91) of the 
solubilities of hydrogen in the three metals, copper, iron and nickel, at pressures up 
to 1.5 atmospheres, and temperatures from 400° to 1600' C. It is shown in the case 
of nickel that the amount of gas absorbed by the metal under given conditions of 
temperature and pressure is independent of the amount of metallic surface. The 
hydrogen-containing metals arc therefore true solutions. At comstant temperature 
the solubility both in solid and liquid metals is proportional to the square root of 

the gas pressure, the quotient (where m is the mass of gas absorbed by 100 grama 

* Berichte (1910), 43, 893. 
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of metal) being remarkably eon«t!Uit for values of p al)ovo 10 mm. At constant 
pressure the solubility increases with temperature, and shows a sudden increase at 
the melting points of all thr<*e metals. The transition from ^ to y iron is also marked 
by a rapid increase in solubility between 850° and 900° C. This discontinuity though 
very marked is not so sudden as that at the melting point. The transition from a 
to iron is not accompanied by any change in .solubility. In the liquid metals the 
solubility continues to increase with rise of temperature, probably more rapidly than 
in the solid state. On solidifying in an atmosphere of hydrogen all three metals 
“spit.” Copper gives off about twice its volume of hydrogen (at 1084° C. and 
760 mm.) iron about 7 times its volume (at 1510° C. and 760 mm.) and nickel about 
12 times its volume (at 14.50° C. and 760 mm.). The regulus contains cavities in 
which hydrogen may be retained. It is only, however, after very rapid cooling that 
any con.sid('rable quantity of the absorbed hydrogen can bo retained at ordinary 
temperature.s. 

With regard to the occlusion of hydrogen by various metals, the 
following table is instructive.* The nuniliers indicate the volumes of 
iiydrogcn under normal conditions ai)Kori)(‘d l)y one volume of the 


metal. 

Silver wire. 0 21 

Silver powder. 0.91-0.95 

Sheet aluminum. 1.1-2,7 

Reduced cobalt. 59-153 

Copper wire. 0.3 

Reduced copper. 0.6-4.8 

Iron wire. 0.46 

Cast iron. 0.57-0.8 

Reduced iron. 9.4-19.2 

Magnesium. 1.4 

Reduced nickel. 17-18 

Gold leaf. 0.48 

Precipitated gold. 37-46 

Molten lead. 0.11-0.15 

Zinc. Traces 


From a study of the action of nickel and hydrogen on various hydro- 
cari)ons at different temperatures, the following conclusions are drawn 
by Padoa and Fabrisf: (1) In the dehydrogenation of monocyclic 
and polycyclic hydrogenized hydrocarbons, gaseous hydrocarbons are 
formed to some extent. If a hydrocarbon yields several hydro¬ 
genation products, the most highly hydrogenized one is most readily 
decomposed in this manner. Of the hydrocarbons examined, tetra- 
and di-hydrophenanthrene yielded no hydrocarbon decomposition 

* Abegg and Auerbach, Hdb. d. Anorganischen Chemie Vol. II, part I, 55. 
t J. S. C. I. (1908), 1083. 
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products even under increased pressure, and tetraliydronaphthalene 
did not under atmospheric pressure. 

(2) The decomposing action of nickel is influenced by pressure. 

For instance, at atmospheric pressure, tctrahydronaphthalenc is 
simply dehydrogenized with liberation of hydrogen, whereas under a 
pressure‘of 3 atmospheres, gaseous hydrocarbons are formed. (3) The 
several hydrogenation products of a hydrocarbon can each be obtained 
from the most highly hydrogenized product by the action of nickel at 
a definite temperature, but it is not possible to effect a gradual pro¬ 
gressive splitting off of hydrogen. In almost all cases dehydrogenation 
begins at a higher temperature than hydrogenation. Under atmos¬ 
pheric pressure hydrogenation and dehydrogenation are distinct proc¬ 
esses; in most cases nickel can effect either reaction, but on certain 
compounds, the nickel acts only in oneway. Under increased pressure, 
the two limits of temperature, viz., the highest at which hydrogenation 
is possible and the lowest at which dehydrogenation takes place, are, 
closer together, and under certain conditions, the two processes may 
proceed simultaneously until equilibrium is attained. 

Relative to its behavior to hydrogen. Holt, Edgar and Firth * state 
that palladium may exist either in an active or a passive state, the 
former rapidly taking up hydrogen, the latter being practically inert. 
Heating to a temperature of 400 degrees in hydrogen and cooling 
renders the palladium very active. New palladium may be made 
active by the repeated oxidation and reduction of the surface. The 
activity diminishes gradually on standing, but may be restored on 
heating. 

When spongy palladium was exposed to hydrogen at temperatures from —50° C. 
upwards, Gutbier (Ber. (1913), 1453) found that the amount of occluded gas steadily 
decreased from —50° C. (917 volumes to 1 of palladium) to a minimum at 20° C. 
(661 : 1) then slowly rose to 105° C. (754 : 1). The hydrogenized palladium was 
pyrophoric. 

It is suggested that the activity is due to the presence of a metastable modifica¬ 
tion of the palladium which gradually reverts to a more stable variety at ordinary 
temperature. Measurements have been made of the rate of sorption (this term 
includes both adsorption and absorption) of hydrogen by palladium free from hydro¬ 
gen, and palladium containing varying amounts of previously-sorbed hydrogen. 
No marked difference was observed between the action of moist and dry hydrogen. 
With palladium containing little or no hydrogen the rate of sorption first increases 
rapidly and then slowly diminishes. On the other hand, if the palladium has al¬ 
ready sorbed considerable quantities of hydrogen the initial increase is not observed. 
It would appear that.when active palladium is exposed to an atmosphere of hydrogen 
there is first a rapid condensation (adsorption) of the gas at the surface, probably 
in the fonn of complex molecules, forming a layer of high vapor pressure. This is 

* Z. physik. Chem., 82, 513. 
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followed by a alow diffuaion (abaorption) into the interior of the metal. Thia would 
explain the rapid rise in preaaure followed by alow increase observed when palladium 
partially saturated with hydrogen ia exposed to a vacuum. The sorption is accom¬ 
panied by evolution of heat. Measurements were also made of the rate of diffusion 
of hydrogen through a palladium tube. The rate is found to increase with rise in 
temperature, but it ia also influenced by the state of the metal. This accounts for 
the fact that the same diffuaion velocity is not always found at the same temperature. 
It ia very doubtful that the hydrogen sorbed by the palladium is at the same con¬ 
centration throughout the metal, even after long standing. 

The rate of absorption of hydrogen by limonene in the presence of platinum black 
has been studied by Vavon (Comp. rend. (1914), 158 , 410), and two stages or phases 
of the reaction were noted. The velocity curves for the absorption of hydrogen 
have a gradient which varies considerably with the quantity of cataly.st present. 
Apparently the metal can become fatigued so that while it is active enough to bring 
about the easier stages of hydrogen addition, it is not powerful enough to effect the 
more difficult stage.s of .saturation. This is more marked after the catalyst has been 
heated to a temperature of 300° C. or higher, when the activity can be varied and 
suited to bring about hydrogenation in a selective and regular manner. When 
heated above 5(K)° C. platinum black is transformed into an inactive modiScation. 

The work of Andrew and Holt (Proe. Roy. Soc. (1913), A. 89 ,170), which leads to 
the conclusion that palladium is dimorphic, is discussed by Halla (Z. physik. Chem. 
(1914), 86 , 496), who shows that palladium black prepared by Graham’s method is 
not inactive. He also shows that occlusion by active palladium is not hindered at 
ordinary temperatures by contact with the inactive metal. 

Mixtures of hydrogen and oxygen combine with explosion on contact with 
platinum or carbon which has been heated to a temperature sufficient to cause 
the einis.sion of electrically-charged particles from the surfaces of platihuin or carbon. 
If platinum is exposed to Roentgen rays which cause the emission of charged par¬ 
ticles an explosion may bo brought about without heating the platinum. (J. R. 
Thompson, Chem. Ztg., Rep. (1914), 15.) 

Investigations directed towards an explanation of the precise nature 
of hydrogen transfer by means of the platinum metals are not lacking. 
Wieland* assumes that palladium hydride, or for that matter any 
metal hydride, unites as such with the unsaturated compound at the 
double bond and that the labile addition product breaks dowm, with 
retention of the hydrogen and elimination of palladium, the latter 
being then in condition to take up additional hydrogen and again 
form an addition product. From a thermodynamic standpoint the 
hydrogenation process appears to be a reversible reaction. In the 
case of ethylene compounds, and in fact, in general, the reaction is 
exothermic, but is endothermic in the case of the double bonding of 
the aromatic series. Thus the metal addition product would appear 
in the reaction equilibrium as follows: 

• Her., 45, 484. 



270 


THE HYDROGENATION OF OILS 


In this connection it may be stated that Skita and associates have 
isolated an addition product of palladium chloride with an unsaturated 
body but work along this line has not been extensive and the explana¬ 
tion advanced that catalyzers simply split the hydrogen molecule to 
yield hydrogen in an atomic or nascent condition is for the present 
perhaps as satisfactory as any.* 

Troost and Hautefeuillef believed that their experiments vindicated 
the formation of a definite compound PdzH, while Dewar J suggested 
the existence of PdjHj. The experiments of Hoit8ema§ indicate that 
between 20 and 200 degrees no definite compounds of palladium and 
hydrogen exist. 

Sabatier II considers nickel catalysis to be due to the formation of 
hydrides. First hydrogen acts on the metal, quickly forming a com¬ 
pound in the superficial layers of the latter. The hydride which n;- 
sults becomes decomposed, and in the presence of bodies which are 
capable of hydrogen addition, union with the hydrogen takes place. 
The metal is regenerated and the r61e endlessly repeated. 

The variations in activity of nickel which have been noted probably 
depend on the formation of different hydrides. Thus, for example, 
well-prepared nickel catalyzer may form the perhydride NiHz which 
is sufficiently active to hydrogenate benzol. Nickel prepared at high 
temperatures, or if slightly poisoned, may form the lower hydride 
NiH 

11 which is not active on benzol but which is catalytic for olefines 
NiH 

and nitro compounds. 

Were this assumption correct it would appear as a consequence that 
nickel and the other active metals (copper, iron, cobalt and platinum) 
not only should effect a union of hydrogen, but also that hydrogen- 
containing compounds should suffer removal of their combined hydro- 

• Some experimental work of Paal (Ber., 45, 2221) is of interest. Paal notes 
that apparently only those compounds with two C : C groups in which these groups 
are separated by at least one carbon atom can be catalytically reduced stepwise. 
Thus PhCH ; CHCH : CHAc in alcohol with colloidal palladium and two hydrogen 
equivalents give about 50 per cent each of the original ketone and of the fully re¬ 
duced compound (PhCHj) Ac. Similar results were obtained with PhCH : CHCH : 
C(COjH)!, piperinic acid and piperine. Phoronc, on the other hand, yields almost 
quantitatively dihydrophorone, MejCHCHjCOCH : CMei, b. 176 degrees; semi- 
earbaxone, needles, ra. p. 133 to 134 degrees. (Chem. Abs.) 

t Comp, rend., (1874), 78 , 686 . 

t Chem. News, (1897), 76 , 274. 

{ Zeit. phy. Chemie (1895), 1 . 

II Die Hydrierung durch Katalyse, Leipsic (1913), 17. 
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gen, the metals acting as dehydrogenating catalyzers. This actually 
proves to be the case. Between 250“ to 300° C. finely-divided copper 
readily acts as a dehydrogenating catalyst, converting primary alcohols 
to aldehydes and secondary alcohols to ketones, in fact affording a 
very advantageous method for bringing about these transformations. 

Results obtained by hydrogenation with nickel. The results obtained 
by hydrogenation with reduced nickel are elassed by Sabatier into 4 
groups: 

1. Simple reduction without the fixation of hydrogen. 

2. Reduction effected simultaneously with the fixation of hydrogen. 

3. Fixation of hydrogen by addition to the molecules where multiple 
bonds exist. 

4. Hydrogenation effected with the decomposition of the molecule. 

The well-established impossibility of effecting all these changes with 
any metal leads Sabatier to think that for nickel there exists many 
degrees of combination with hydrogen. Nickel obtained by the reduc¬ 
tion of the chloride, as well as that reduced at a temperature above 
400° Ch is, without doubt, able to produce only a primary hydride, 
analogous to that of copper and capable of acting on nitro groups or 
on the double ethylene bond. Only “ healthy ” nickel, such as that 
produced by the reduction at a low temperature of the oxide obtained 
from the nitrate, is able to form a perhydride capable of hydrogenating 
the aromatic ring. 

In the case of nickel oxide catalyzers Erdmann indicates that the 
transference of hydrogen probably takes place in one of two ways: 
either an intermediate phase represented by the compounds 

1 

HC - Ni\ H - Ni\ 

I y 0 and 7 0 

HC - Ni/ H - Ni/ 

1 

or a decomposition of water may take place in accordance with the 
reaction: 

NbO -f- H 2 O = 2 NiO -f- Ha 

yielding hydrogen in a nascent state which is assumed to unite with 
the unsaturated fat while the nickel oxide formed is reduced to the 
suboxide by hydrogen in the molecular condition. 

In an experiment conducted by Mayer and Altmayer* nickel, 
reduced from the oxide by hydrogen, was introduced into a Jena glass 
vessel in an electric furnace, and after complete exhaustion, known 

• Berichte (1908), 41, 3062. 
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quantities of hydrogen were introduced, and the temperature kept 
constant until absorption ceased. The amount absorbed, at tempera¬ 
tures of 360° to 560° C., was at each temperature proportional to 
the pressure of the hydrogen. At 360° C. 1 volume of nickel absorbed 
50.5 volumes of hydrogen at a pressure of 300 mm., whilst at 560° C. 
the same absorption occurred when the pressure was raised to 440 mm. 
Within the experimental limits, then, the system nickel-hydrogen is 
bivariant, the volume absorbed being dependent both on temperature 
and on pressure. 

I Amorphous palladium absorbs liydrogcn far more rapidly than tlie 
crystalline form, but holds it only feebly. The amorphous form also 
takes up hydrogen and transmits it to the crystalline variety, so that 
crystalline palladium coated with the amorphous metal will absorb 
hydrogen much more rapidly than when uncoated.* 

Adsorption is quite variously regarded by various authorities as 
one of the following: (1) True chemical combination. (2) True 
solid solution. (3) A modified solid solution in which practically 
only the outer layers become saturated owing to the difficulty of dif¬ 
fusion in solids. (4) -Condensation on the outside of the surface of 
the solid. According to McBainf the first three are contrary to the 
requirements of thermodynamic theory, and the fundamental assump¬ 
tion of the third is disproved by experiments involving the time 
required for adsorption of hydrogen. The fourth is found insufficient 
to explain the somewhat complex time relationships studied here, which, 
however, point strikingly to the conclusion that both true solid solu¬ 
tion (true diffusion) and surface condensation occur. They are inde¬ 
pendent of each other and their relative importance and magnitude 
depend upon the conditions of the experiment. 

The non-committal name “sorption” is coined to designate the sum total of 
the phenomena, while “absorption” and “adsorption” are restricted to the dis¬ 
solved and superficially-condensed matter respectively. It is found that the surface 
condensation requires only a few minutes for completion, whereas absorjition requires, 
in the case of hydrogen diffusing into carbon at the temperature of liquid air, a 
dozen hours for practical completion. Thus it was possible to isolate the two phe¬ 
nomena and to study them more or less independently of each other. For instance, 
by suitable manipulation a sample of carbon can be prepared highly charged with 
hydrogen in a state of solid solution but almost destitute of occluded hydrogen 
condensed on the surface. This is clearly attainable (if the hypothesis be correct) 
by suddenly exposing to a vacuum carbon which has been previously saturated by 
long contact with hydrogen at a constant temperature. Such carbon, exposed to a 
low pressure of hydrogen and cut off from all external influences, took up hydrogen 

* Proe. Roy. Soc., London (A), 89 ,170-186, Chem. Abe. (1914), 457. 

Seventh int. Cong. Appl. Chem., 1909. 
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at first (surface coiidcnsation) although already 8up<*rsaturatcd (l.c., in respect to 
the solid solution), and then gave it off again in still gn'atcr quantity until final 
equilibrium was established. Thus the manomckT first fell for a few minutes and 
then rose to a higher point than the initial value. In the converse ease, w'here the 
interior was saturated by a very short exposure to a high pressure of gas, hydrogen 
was first given off, and then taken up again by diffusion into carbon. Hero the 
manometer automatically rose for a few minutes, then steadily fell for rrfany hours 
to a lower value than previously obtained. The prt^ssure changes observed might 
at first seem unimportant, were it not for the one fact of great significance, viz., 
that (taking the second case just outlined) the higher pressure at five minutes was 
even less than corresponded to the gas condensed on the surface of the carbon, yet 
after a dozen hours had elapsed a much lower pressure was attained, a pressure 
which then actually did correspond to the condensed gas in equilibrium with it. 
Thus a considerable body of hydrogen had been Iransferred from the surface to the 
interior of the carbon. An approximate, calculation of the extent of this transfer 
showed that tlie true solubility of hydrog(^n at the U^mperature of liquid air and 
under 2 cm. pressure was at least 4 c.c. (corr.) per gram of the cocoanut carbon 
employed. This absorption was roughly pn)portional to the square root of the 
pressure (whereas the total 8or{)tion varies as the cube root of the j>re8surc). From 
this it appears that the dissolved hydrogen is .sjdit up into single atoms. 

Tomassi * considers tliat the reductions caused by hydrogen at the 
moment of its liberation from its compounds arc wrongly attributed 
to its being in an allotropic condition,t such as is usually connoted by 
the term “ nascent for, in that case, he argues, the same reactions 
ought always to follow whatever the origin of the gas; but this is not 
borne out by experiment. 

Thus, silver chloride, bromide or iodide, suspended in water acidulated with 
sulfuric acid, can be reduced by the hydrogen liberated from water by electrolysis, 
but .sliow no signs of reduction wlien the water is decomposed with sodium amalgam. 
Or, if a solution of potassium ctilorate be acidulated with sulfuric acid, and zinc 
aildod, the chlorate is reduced to cliloride; whereas if sodium amalgam be added, 
no reduction takes place, Nor does sodium amalgam bring about the reduction 
of chloric acid or of the chlorates of sodium, barium, copper, lead or mercury. In 
the case of pota-ssium perchlorate, none of the usual reducing agents have any 
effect; zinc or magnesium with sulfuric acid, or zinc with potash or soda, or in a 
boiling .solution of copper sulfate, all failing to bring about reduction, but, on the 
other hand, this is readily effected by sodium hydrosulfitc — a compound from 
which hydrogen is not liberated. Similarly, a solution of nickel sulfate, to which 
potash and potassium cyanide have been added, acquires a reddish tint on the addi¬ 
tion of zinc, while hydrogen is liberated; but if magnesium, or a magnesium-platinum 
couple, replace the zinc, the red color is no longer produced, although hydrogen is 
still liberated. Kern found (Bull. Soe. Chim., 26, 338) that by the action of mag¬ 
nesium on ferric chloride, ferric hydroxide was produced, and this fact Tomassi con- 
firm.s, w'ith the addition that he obtains the same result by using sodium amalgam 

* Monit. Sclent., 1898 [51], 182. 

t It has been suggested by Osann that active or occluded hydrogen is in an 
allotropic form comparable to ozone.^ 
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instead of magnesium. Aecording to Stahlschmidt, nascent hydrogen derived from 
the decomposition of water by zinc dust reduces potassium nitrate to nitrite, reduced 
iodides and iodates, but docs not reduce chlorates; and Do Wilde has established 
the fact that sodium amalgam reduces jmtassium bromate, but is without action on 
the chlorate. 

On these and similar facts Tomassi bases his opinion that the reducing power of 
nascent hydrogen varies according to the chemical reaction by which the hydrogen 
was produced, and he considers that if the gas has a greater affinity in the nascent 
than in the ordinary condition, this is entirely due to the hydrogen at the moment 
of its liberation from a compound being accompanied by the heat produced during 
the liberation. Hence, if nascent hydrogen he represented by the symbol // + a 
(in which a denotes this amount of heat), the value of a would vary with each chem¬ 
ical reaction, and, as a general rule, the reducing power of nascent hydrogen would be 
proportional to that value, provided that the reaction betw'een the hydrogen and 
the substance to be reduced could once be started. There are certain ca.ses, how¬ 
ever, in which the reduction is due, not to the hydrogen, hut to the metal which 
served to generate it. The reduction of potassium chlorate by means of sulfuric 
acid and zinc, or by electrolysis of its solution with a zinc anode, is an instance of 
this. If such a solution be electrolyzed with both electrodes of platinum, oxidation 
occurs at the anode, with the formation of perchlorate, while no trace of chloride 
is found at the cathode; but if a zinc anode be used, chloride is formed at the anode, 
but not at the cathode. From this Tomassi concluded that the reduction in this 
case must bo attributed, not to the hydrogen, but to the zinc uniting with the oxygen 
of the chlorate in accordance with the equation KClOj -I- 3 Zn = KCl + 3 ZnO. 

Titoff* has studied the adsorption of hydrogen and other gases by 
pure gas-free cocoanut charcoal. The temperature varied from — 79° 
to + 151.5° C., and the pressures from 0 to 77 cm. of mercury. The 
results are given in tables and the relations illustrated by isothermal 
and isobarie curves. Hydrogen appears to obey Henry’s law for a 
considerable range of temperature (— 80° to -f- 80° C.). Titoff pre¬ 
fers a surface condensation theory as an explanation of the phenomena, 
and consequently he uses the term adsorption, rather than absorption, 
which would seem to suggest ordinary solution.f 

Firth observes that the ad.sorption of hydrogen (surface condensation) 
by wood charcoal occupies only a few minutes, while the equilibrium 
due to absorption is attained only after several hours, hence “sorp¬ 
tion” is of a two-fold character. Wood charcoal contains crystalline 
as well as amorphous carbon and the activity of the material depends 
chiefly on the latter.t 

* Z. physik. Chem. (1910), 74, 641; see also Homfray, J. S. C. I. 1910, 1055. 

t Rhead and Wheeler (Chera. Soc. Proe. (1913), 39 , 51) observe that carbon, at 
all temperatures up to 900° C. and probably above that temperature, has the power 
of pertinaciously retaining oxygen. This oxygen cannot be removed by exhaustion 
alone, but may be expelled by increasing the temperature of the carbon during 
exhaustion. Wh'en quickly released in this manner, it appears, not as oxygen, but 
as carbon.dioxide and carbon monoxide. 

t Z. physik. Chem. .(1914), 294; J. S. C. I. 1914,130. 
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The presence of kaolin favors the combination of hydrogen and 
oxygen at temperatures from 230 degrees and upwards. Without the 
kaolin, combination does not take place until a temperature of 350 de* * * § 
greos or higher is reached. The activity of the kaolin depends greatly 
upon the temperature to which it has previously been heated, and the 
extent to which it has lost its water of constitution. The lower the 
water content, the less pronounced is the activity.* 

It has been stated by Marie f and Petersen J that, in the electrolytic 
reduction of unsaturated acids, the nature of the cathode used has no 
appreciable influence upon the course and velocity of the reaction. 
Fokin § finds, however, that reduction can only be effected with cath¬ 
odes of palladium, platinum, rhodium, ruthenium, iridium, osmium, 
nickel cobalt and copper, and that the quantity and the physical 
condition of the metal has a considerable influence on the course of the 
reduction. It is shown that the metals named have the capacity of 
occluding hydrogen, with the formation of unstable hydrides. It is 
these metals, also, which have been found to act as hydrogen-carriers 
in the reduction proc^esses studied by Sabatier and Senderens. Fokin 
is of the opinion that all reduction processes taking place in presence 
of the metals mentioned, viz., electrolytic reduction, reduction of 
gaseous substances by reduced metals by the process of Sabatier and 
Senderens, reduction by galvanic couples, and reduction by metal 
hydrides in solutions, are due to a special activity of the occluded 
hydrogen, probably owing to such hydrogen being in the monatomic 
condition. The activity of the metals varies directly with their 
capacity of occluding hydrogen; palladium is the most efficient, and 
then follow, in the order given, platinum, nickel, cobalt and copper. 
Fokin has studied in this way the reduction of the fatty acids from 
linseed oil, Japanese wood oil, castor oil, cod-liver oil, and other un¬ 
saturated acids. 

According to Fokin the metals can be grouped into those which, 
like palladium and cobalt, form definite hydrides; and those which, 
like platinum and nickel, have not been proved to form such definite 
hydrides. The latter class gives the best results in reduction catal¬ 
yses.! By the action of excess of cobalt hydride at 270° C., under 
atmospheric pressure, oleic acid is reduced to stearic acid to the extent 

* J. S. C. I. 1914, 254, and Comp. rend. (1914), 158 , 501. 

t Compt. rend., 136, 1331; J. S. C. I. 1903, 1003. 

t Z. Elecktrochem., 11 , 549; J. S. C. I. 1905, 895. 

§ J. russ. phys. chem. Ges. (1906), 38 , 419; Chem. Centr. (1906), 2 , 758; J. 8 . 
C. I. 1906, 935. 

11 ZeitBch. f. ang. Chem. (1909), 22 , 1451-1459 and 1492-1502. 
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of 26 to 28 per cent, while in a sealed tube, the reduction proceeds to 
the extent of 60 per cent. If an ethereal solution of oleic acid be 
treated with palladium black, and a current of hydrogen led through, 
stearic acid can bo detected after one-half hour; with platinum black 
under similar conditions, 24 per cent of stearic acid is obtained after 
one-half hour, 84.5 per cent after .3j hours and 90 per cent after 5 
hours. Oleic acid is also reduced by nickel and cobalt (prepared from 
the oxides), in presence of hydrogen, at tcm]ieratures of 45° to 184° C. 
and 98° to 250° C. respectively.* 

In order to test the view that the increased reducing power of 
occluded hydrogen is due to a kind of physical compression, Fokin 
carried out a series of experiments, which showed that comprcss(!d 
hydrogen (up to a {)ressure of 35 atmospheres) effected the reduction 
of unsaturated hydrocarbons more rapidly and completely and at 
lower temperatures than hydrogen at atmospheric pressure.! 

Hydrogen reduces certain metals from tlicir solutions, as, for instance, silver 
from an aqueous solution of the nitrate. The action of hydrogen on metallic .solu¬ 
tions is much more energetic when one operates under pressure as has been observed 
by Beketoff. 

In connection with the effect of hydrogen on imdallic catalysts to alter the. 
properties of the metal, a discussion appearing in the Metallurgical and Gheinical 
Engineering (1913), 079, on the “Passiivity of Metals,” is of interest. According 
to Foerster and also Schmidt a metal such as iron Is passive in its normal condition 
and only becomes active under the influence of a catalyst. Hydrogen is stated to 
have this catalytic effect and hydrogen ions have also the same action, Schmidt 
states that the most import.ant of the. catalysts which overcome the passive state 
of metals is hydrogen and that a small amount of it can activate large amounts of 
iron, nickel and chromium. The preparation of a non-pyrophoric catalyzer of the 
nickel type by passing carbon dioxide or similar gas over it for a considerable period 
may perhaps depend on the elimination of the hydrogen which permits the metal 
to resume its normal passive state, in which condition exposure to the air does not 
injure the catalytic activity. 

Towards hydrogen, palladium in sheet form appears to be both 
active and passive. In the active form the metal will rapidly absorb 
large amounts of the gas, while in the passive condition only slight 
amounts are occluded. The absorption of hydrogen proceeds in two 
stages; first, a rapid occlusion at the surface and second, a slow ab¬ 
sorption into the metal mass.! 

Sieverts, Jurisch and Metz § have further investigated the solu¬ 
bility of hydrogen in solid alloys of palladium with gold, silver and 
platinum. 

♦J, S.-C. I., 1907, 1149. 

_tJ. .S. C. I., 1907, 169. 

.'tZeitsch. phys. Chom. (1913), 513. 

S anorc. allffem. Chem.. 322-62. 1915: Chem. Abs.. 1915. 3006. 
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Sieverts* has iiivcfitigiitcd the relationship l)p,lwccn the quantity of hydroRen 
absorbed .atid the [larfial pressure between l.'iK" and 821° G. and at hydropm 
pressures lielween 1 aiul 7()(l mm,, on i)a.lIiKliiim. With l«)th <-ommercial and 
pure iialladiuTO wire, Isdween the Icmpr-rature limits mentioned, the (juantity 
of hydroRon absorbed, Lji, by unit weiRhl of palliulium is not strielly pro[x>i'- 
tioiial to flic s(]uare. root of the hydrogen jtressurc p. 'Die cxiterimental results 
are better exinessed by the etiuation, Lp^kt/i^+kip, in which k, arid G are 
constants de])endmR on the, temperature; the equation i,s not true for higher 
pressures This expression can be regarded as representing that the hydrogen 
molecules are in equilil)rium with hy<lroRen atoms, lK)lh in .solution in the palla¬ 
dium and in the gas |)hase, and that Henry's law holds alrietly for ))olh atoms 
and molecules. The dissociation constant of hydrogen is 2,') at 138°; 101) at 
Slf)”; 112 at 01i)°, and 102 at 821° ('. The (juautily of hydrogen ab,sorbed by 
unit, weight, of palladium deiamds only on the iiressure and temperature, and is 
entirely indeiiendent of the surface area of the nietnl; conseijuently, the absorp¬ 
tion of hydrogen by palladium is to be regardeil as a trui‘ solution phenomenon. 
1 ’he i.sofhcrmals of palladium-black and i)alladium-.s)ionge are similar to those 
of eomjiaet palladium, but the actual eurve.s differ with different specimens, and 
are apitarently deiiendiuit on the nature of the palladium. The similarity of the 
absor|)tion isothermals in all east's indicates that in iialladium-black and palla- 
diurn-siionge the absorption is mainly due to solution of the bydrogen, at least 
at temperatures above 100° At lower temperatures it is, however, likely 

that surfaec absorption aecouiits for a large portion of the hydrogen taken uj). 
The above results are in strict accord with the statement that palladium-lriaek 
and palladnun-spoiige are made up of varying quantities of amorphous and 
eryslalliiie palladium. Both modifications apiicar to act as .solvents for hydro¬ 
gen with different powers of solution. 

d’hi' inet.hoci used was the same as used in previous work by Sieverts with 
additional iirecautions to ensure accuracy. The alloy.s were studied from 138° to 
820° and with hydrogen jirossurcs of one atmosphere and loss. The velocity 
of the. absorption and the relation }>ctwecn gas pressure and amount absorbed 
are the same as with pure metals. For all three series of alloys the amount of 
hydrogen alxsorbcd per gram of alloy is approximately proportional to \/pH 
and, with the. exception of alloys rich in platinum, at constant pressures de¬ 
creases with increasing temperature. With increasing amounts of platinum the 
amount of hydrogen absorbed decreases at all temperatures, probably reaching a 
minimum in the interval 50 to 100 per cent platinum. 'Die higher the tempera¬ 
ture the smaller the relative solubility lowering with constant platinum incre¬ 
ments; at constant temperatures this lowering is smaller than proportional to 
the platinum content. At all temperatures, the addition of silver palladium 
increases the solubility of hydrogen in palladium, until a maximum is reached 
at 40 per cent silver, after which the solubility falls off rapidly, the effect passing 
through zero between 50 and 70 per cent silver. The solubility maximum ob¬ 
tained with 40 to 50 per cent silver increases with decreasing temperature from 
800° to 270°, then decreases. Addition of gold to palladium has an effect similar 
to a silver addition, although not so pronounced. At 827° the solubility of 
hydrogen is diminished by addition of gold; at other temperatures it increases 
to a maximum, then H iininish ns. The gold concentratioii correspondiiig to the 

* Z. physik. Chem., 1914, 451-478. J. Chem. Soc., 1915, 268-269, Chem. Abs., 
1915, 12; J. S. C. I., 1915, 004, 
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maximum Bolubility dorrpases with inrrrasing frmppraturo. Betwef'U R30® and 
220 ° a Riven gold rontont n*HultK in a RreahT inemaso in Boliibility the lower the 
temperature; below 220° the relative solubility increase probably diminishes. 
The curves showing the variation of various physical projiertios with ('Oin])arison 
in each of the liinary palladium nictal sysUuns show marked similarities wdth 
the curves of hydroRen absorption in that system. 1'he Rold and silver alloys 
are marked by a hiRh solvent power for hydroRon as well as by unusual eloitl.rical 
properties. All the evidence points to the fonnation of true ternary .solid solu¬ 
tions between hydroRcn and the binary alloys. 

Observations (at 25° ('.) liave lK“en made by Smith and Martin * of the change 
of electrical resistance and cathode potential of jialladium wires during their 
cathodi(; occlusion of hydroR(‘n evolved from nitro siilplionic acid and after the 
interruption of electrolysis. All of the palladium wires increased in resistance 
by more than .56 per cent, finally michiiiR a value wliicli remained unalteied 
by prolonged charging, but which varied irregularly from win* to wire. With 
small wires and ribbon (lean than 0.1 inm. diameter) then* was a furthi'r increase 
in resistance after the interruption of electrolysis, and a change; of resistan(;e 
whenever the charging curnait was chungcil, but th(‘se clT(‘cts w’(;re not. found 
with larger wires (0.32 lum.). 'riie. resistance <»f the saturati'd \vire (less than 
0.1 mm. diameter) observed during momentary interruptions of the electrolysis 
varied in a well-defined manner with fla* polarizing oinTcnt, and thi' rosjstan(;e 
afU;r the internipt-ion of the electroly.sis uiulergoes changes which are revcusible 
and reproducible. Ckinsiderations are given wliich make it ja’obable that the 
changes of resistance in the smaller wires are due to processes occurring within 
the metal, and not. far removed from its surface*, and the lenlative (romilusion is 
suggested that hydrogen o<;<;luded at the catliode surface exists for some time 
in a transitional state in wliich it jM)«s(*s.ses an electrical conductivity of it.s own, 
and passes gradually into anotlier form in which it liius much less conductance, 
or none. A few cxiierinients on eopjier wires, and a single oxcejit.on on a ni(;kel 
wire, show that thc.se metals do not suffer any measuralile changi* of ele(‘tri(‘ai 
resistance under conditions which produce a high degree of ocelusiou in pa'ladium. 

Stahl t has investigated the solubility of gu.ses in molten copjier, and states 
that the evidence of the solubility of hydrogen is given by the surface, disin¬ 
tegration and blister-like struotiu’e a.ssumed by the metal during solidification 
after exposure to this gas. An absorjition of hydrogen and diffusion through 
copper has been det(?cted at 050° C). Up to 1500° 0, the absorption increases 
almost linearly with the temperature, except at the mrlling-})oint of the metal, 
when a sudden increase occurs. At 650° the solubility is 0,1. and at 1500° C., 
1.4 milligrams of hydrogen per 100 g. of copper. With both the molten and solid 
metal, the solubility increases as the square root of the pressure. The conduc¬ 
tivity of copper is not affected by dissolved hydrogen. On heating copper con¬ 
taining oxide in a hydrogen atmosphere, the gas penetrates the metal and 
reduces the oxide with fonnation of water, which escapes by disintegrating the 
metal and rendering it unsuitable for further mechanical working. A reaction 
of this nature takes place in molten copper during the “ polling ” treatment. 

Hydrocarbons arc decomposed by molten copper into carbon and hydrogen, 
of which the former and the latter absorbed. No occlusion of any undecomposed 
hydrocarbon has been observed. 

• *J. Am. Chem. Soc., 38, 2577-94, 1916; Chem. Abs., 1917, 8. 
t J. S. C. I., 1914, 1159. 
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The Bolubility of hydrogen and nitrogen in iron has been investigated by 
Jurisch * 100 g, of iron wire with 0.04 per cent carbon were heated in a quartz 
bulb and the absorjjtion of hydrogen measured at different temperatures. Be¬ 
tween 416® and 1450®, the solubility of hydrogen in iron increases with rising 
temi)cratiire, at the former temperature 0.035 milligram of hydrogen is ab¬ 
sorbed and at the latter l.OS milligrams. Between 850° and 900° an abnormal 
absorption was notietai owing to the troielion lietween the trace of carbon present 
and hydrogen to form methane, whereby the carbon content of the iron was 
reduced to 0.02 per cent. When .slowly cooled only 0.01 milligram of hydrogen 
remained with the iron. Exjx!rimenl.s with reduced iron powder pn’vioiLsly 
healed for nine hours in hydrogen showed that the. maximum nitrogen absorj)- 
tion tO()k place at 930° when 21.65 milligrams were absorbed. At 878° only 
1.58 milligrams of nitrogen were absorbed and almve 930° the absorption grew 
gradually smaller. The above data refer to hydrogen and nitrogen at ordinary 
atmospheric pressure. 

Joukoff t states that when cerium is heated in an atmosphere of hydrogen it 
ra])idly absorbs the ga.s at about 3.50° C. Between 4.50° and 510° C. the dis¬ 
sociation pressure was about 1 millimeter so long as the proportion of hydrogen 
did not exceed that eorre.sponding In cerium hydride; beyond this the disso¬ 
ciation pre.ssuro increased with the hydrogen concentration. It is eoiieluded 
that the hydride is formed, and that this hydride is capable of dissolving 
hydrogen. 

Theoretical consideraltorts on hydrogenation on the basis of velocity measure¬ 
ments made on the hydrogenal ion of fiimaric acid with palladium sol as eat- 
lyzer are discussed by Korevaar | in a preliminary jiaper, containing no experi¬ 
mental results. 1’lic rate of hydrogenation of fumarie acid in the presence of 
[lalladiurn sol is in accordance with Nernst's surface film theory of heterogeneous 
reactions. The velocity was found to increase as the two-thirds power of the rate of 
stirring, and the temperature eoeffieient per 10° was 1.25, instead of 1.7, the, 
theoretical for inierohctcrogeneous systems. With small concentration of palla¬ 
dium sol, doubling the amount of sol more than doubled the. rale of hydrogena¬ 
tion; this has been explained by Bredig as a common proiierty of microhetcro- 
goneous systems due to increased Brownian movement. Since, in systems of 
this type, the apparent rate of the reaction is determined by the diffusion of 
the reacting molecules through the stationary film, at high initial concentration 
of fumarie acid the rate should be determined by the rate of diffusion of the 
hydrogen, and hence should be constant; when the concentration of fumarie 
acid decreases below a value determined by the hydrogen concentration and the 
ratio between the diffusion constants of the two molecular species, the rate 
should be determined by the diffusion of fumarie acid, and hence should be that 
of a first order reaction. This is in haraiony with the experiments. 

IJnsaturated acids of the olefin series have been reduced electro- 
lytically under similar conditions and their arrangement, according 
to ease of hydrogenation detennined by Pomilio.§ The reductions 

* Inaug. DisHcrt. Leipsic, 1912; Chem. Al>9,, 1915, 286. 

t J. Russ. Phys. (Jhem. Soc., 1914. 2073, Bull. Soc. Chim., 1914, 531; J. S. C. I., 
1914, 1206; Chem. Abs., 1915, 506. 

t Chem. Weckblad. 13, 98-107, 1916; Chem. Abs., 1916, 1002. 

S Z. Electrochem., 1915, ai, 444; Chem. Abs., 1916, 2576. 
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were carried out in both aqueous and alcoholic solutions of sul¬ 
phuric acid, using a nickel gauze cathode impregnated with spongy 
nickel and a platinum anode. The current employed was 0.5 ampere 
and the temperature ranged from 25° to 00°. Klectrolysi.s was 
carried on for six to twenty-four hours. In this way the; rates of 
reduction of crotonic, allylacctic, undecylic, oleic, crucic, linolcic, 
linolenic, fumaric, maleic, incsaconic, citraconic^, itaconic, allylma- 
lonic and aconitic, acid have been examined and the n'sults tabulated 
graphically. 'Fhe curves obtained show that the sp('ed of hydro¬ 
genation d('pends both on the solvent and the nature of the acid. 
The most easily reduced acid i.s maleic; in the class of moderately 
easily reducible adds ane placed citraconic and related acids, while 
the higher membius of the .series, insoluble in water, like oleic acid, 
arc. classified as difficultly reducible. Oleic acid, in fact, is reduced 
only very .slowly either in aqueous suspen.sion, aciueous or alcoholic 
.soap .solutions, or in turkey red oil, using a large variety of metals 
as cathodes 50 cc. of this acid in 0.2 H 2 S(b at 70° with a Ni cathode 
gave, only 9.0 g. of stearic acid after ten hours. Erucic, ricinoleic 
and linolenic acids all showed little, or no rciluct.ion when treated 
olcctrolytically. Of the higher unsaturated acids linolic is most c-asily 
educed, proof, according to Pomilio that the and (':() groups 
are in close proximity, assuming with ll'liiele that the I'eactivity 
depends on the, relative position of these double unions. 

On the afisumption that, daring the alworption of hydrogen, this gas and t.ho 
unsaturated substance traverse a layer surrounding the partide.s of the catalyst 
and that, consequently, the medium should exert a marked influence on tlie rate 
of absorption, Boeseken and Bilheimer.* have measured the rate of reduetion 
of pinenc in various solvents with a view of obtaining data ooncorning this influ¬ 
ence. In formic acid or absolute alcohol the absorption proceeded very slowly 
and the activity of the catalyst was seriously impaired; in anhydrous ether the 
rate of the absorption was diminished hut the activity of the platinum w'as not 
'decreased. When ethyl acetate was used as the .solvent the ahsorjition [uo- 
eeeded regularly at first, then decreased and practically stopped, hut, the activity 
of the platinum was not affected. With acetic acid the rate of ab,sorption de¬ 
creased without the catalyst losing its activity, and similar results w'orc observed 
in the case of propionic, butyric, isobutyric, and isovaleric acids. 

• Rec. Trav. Chiiii. Pays-Bas., 1916, 35 2S8-293; J. S. C, I., 1910, 487, 
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THE ANALYTICAL CONSTANTS OF HYDROGENATED OILS* 

The hydrogenation of oils has to such an extent changed certain of 
the constants by which oils and fats are at least in part identified, 
namely, the iodine number and the speoific gravity, that the identifi¬ 
cation of a fat or fatty mixtures, often heretofore a troublesome matter 
at best, now promises to become even more difficult. 

The reduction of the iodine number through the introduction of 
hydrogen into the oil, in a sense, is arbitrary; there is no difficulty in 
reducing the iodine number almost to zero through the hydrogenation 
process, or at any moment to interrupt the operation and from one and 
the same initial material to produce products having the most varied 
iodine numbers. 

The specific gravity and melting point advance hand in hand as 
saturation progresses, the specific gravity approaching that of tri- 
stearin, while the resultant melting point in considerable measure de¬ 
pends upon the molecular weight and the hydroxyl content of the 
fatty acid components of the oil. The specific gravity of a hardened 
cottonseed oil whose iodine number had been reduced to zero was 
found byNormann and Hugelf to be 0.9999 at 15° C., while they note 
that tristearin has a specific gravity of 1.0101 at the same temper¬ 
ature. J 

The index of refraction also is strongly modified. A sample of fish 
oil at 56° C., according to Normann and Hugcl, showed a figure of 
53.8; while after hardening to an iodine number of 22.5 the index was 
36° C. at the same temperature. (Scale of the Zeiss butter refrac- 
tometer.) 

Observations made in the author’s laboratory on the index of re¬ 
fraction of a number of hydrogenated oils gave the results noted 
below ;§ 

* Jour. Ind. Eng. Chem. (1914), 117. 

t Chem. Ztg. (1913), 815. 

t The specific gravity of triatearin is given by the Chemiker Kalendcr as 1.0101 
at 15° C., while Lewkowitsch reports the specific gravity of a specimen of not quite 
pure stearin in the melted state as 0.9235 at 65.5° C. 

§ A sample of hydrogenated cottonseed oil used extensively in this country 
exhibited a refractive index of 1.4492 and a melting point of 59.9° C. 
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INDEX OF REFRACTION AT 55“ C. 
{Abb6 Rfifractometer *) 



Original oil 


1.4615 

Whale (No. 1). 

1.4603 

Soya bean. 1 

1.4617 

Coeoanut oil (‘‘olein”) . 

1 4429 

Lin.soed. 

1 4730 

Palm . 

1 4523 

Palm. 

1 4521} 

Peanut (edible). . 

1.4567 


I 

I Hydrusenated oil 


j 1 4514 (M. 1>. 55,7° C.) 
I 1 4550 (M. P. 41 5° C.) 
i 1.4538 (M. P. 50.3° C.) 

1.4425 (M. P, 24 7° C.) 
I 1 4010 (M. P. 42 3° C.) 
1 4517 (M. P, 38 7° C.) 
1 4494 (M. P. 44 S° C.) 
1.4547 (M. P. 34.7° C.) 


It ia of interest to note tliat wliilc the adiiition of hydrogen to fatty 
oils reduces the index of refraction, the addition of oxygen increa.se.s the 
index a.s i,s .shown in the case of blown or ozonized oils. 

The gradual reduction of the, index of refraction by progressive 
hydrogenation is shown in the following table compiled from deter¬ 
minations made in the author’s laboratory. 

Cottonseeil oil was hydrogenated for a period of ten hours and 
samples were drawn at one-hour intervals. 



Melting point. 

Index of lefraction, 

Original oil. 

1 hour. 

"'28 

31.3 

1 4,588 

1 1.4.577 

1 4568 

3 hours . 

4 hours . . 

34 3 

37,9 

40 8 

1.4,5,57 

1.4,540 

1.4,540 


43.8 

1 4527 


45 6 

1.4518 


47.3 

1.4510 


55.9 

1.4490 

I 


The saponification number practically does not change. The con¬ 
tent of free fatty acids changes but little. A sample of cottonseed oil 
containing 1.8 per cent fatty acid was found, after hardening to 


various degrees, to have a fatty acid content ranging from 1.4 per cent 
to 1.9 per cent. With sesame oil containing 2.44 per cent fatty acid 
the resulting hardened oil contained 2.5.9 per cent of acid. The con¬ 


tent of unsaponifiable bodies does not essentially change. Cotton¬ 
seed oil having 0.55 per cent unsaponifiable matter, after hardening, 

* Refraction valuM are given in terms of true refractive index and also according 
to the arbitrary scale of the butyro refractometer, in order to follow the data avail¬ 
able, as rendered. 
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showed a content of unsaponifiable bodies ranging from 0.45 per cent 
to 0.55 per cent; sesame oii with an unsaponifiable content of 0.70 
per cent, after hardening, eontained 0.85 per cent unsaponifiable. 

Cholesterol and i)hytosterol, according to Bomer, are not changed 
by treating oils with hydrogen, although this is somewhat contrary 
to the statement of Windaus,* according to whom cholesterol may be 
easily reduced by the catalytic process. Willstatter and Mayer f 
hydrogenated cholesterol in ether .solution with a platinum catalyzer. 

An examination of the unsaponifiable comstituents of several hardened 
oils has been made by Marcusson and Meyerheim| who used the digi- 
tonin method for the separation of sterol. The following table gives 
the results obtained. 


UNSAPONIFIABLE CONSTITUENTS OF HARDENED OILS 



Total 

uii'^up* 

onifi* 

abl« 

miitfcr 


Sleiol 
obtained 
by dim- 
tonin 
inetiiml 

iSterol-free unaapomfinble 
roniponorits 

l^er 

cent 

l«h, 

Per 

fcnt 

Per 

pent 

Mj, 

ludine 

number 

Cotionscod nil (soliilifvinKpoint 32® C.) 

0 7 

- 5 8 

0 22 

0 4 

+ 68 


Cotton.scod oil (solidifying point38° C.) 

0.6 

± 0 

0 14 

0.4 

+ 8 1 


Liiweed oil. 

1 0 

4-19 5 

0 21 

0.7 

+19 

85 

Castor oil. 

0 3 

-10.1 

0 13 

0.19 

+ 52 


TuIkoI. 

0 9 

- 1.9 

0 10 

0 7 

+ 1.3 

56. i 

Talfiol ('xtra.. . . 

0.9 

- 3.3 

0 07 

0.7 



Candelito. 

0 8 

+ 4.7 

0.05 

0.7 

+ 4 8 


Candelilo extra. 

0.7 

+ 1.4 

0 024 

0 64 

+ 28 



The examination showed that the sterol content of hardened fats is 
.slightly le.ss than that of the corresponding natural fat or oil. The 
cottonseed oil first listed was prepared by the Wilbuschcwitsch process 
at 150 to 160° C. with hydrogen under pre.ssure. The second sample 
of the cottonseed oil was made by the Normann process, presamably 
at a higher temperature but without pressure. At temperatures of 
150 to 160° C. apparently the difficultly reducible sterol is not affected 
by hydrogen and Marcusson and ’ Meyerheim call attention to the 
observations of Adamla § who could not hydrogenate cholesterol with a 
• Ber. d. chem. Ges. (1912), 3051. 

t Willstatter and Mayer converted cholesterol quantitatively into dihydro¬ 
cholesterol by passing a slow stream of hydrogen for two days through an ethereal 
solution of cholesterol in the presence of platinum black (Ber., 1908 ( 41 ), 2199). 
(See U. S. Patent to Ellis, 1,086,357, Feb. 10, 1914.) 
t Zeitsch. f. angew. Chem., 1914, 27, 201. 

i Dissertation. Beitrage zur Kenntnis des Cholesterins, Freiburg, 1911, 12. 
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nickel catalyzer at temperatures 1k4ow 170° (1 Marcusson and Meycr- 
heim found (!holcstcrol to hydrogenate readily at 195° f. while phytos¬ 
terol was practically unchang(Kl after treatment with hydrogen at 
200° C. From these and other tests it was found that cholesterol is 
much less resistant than phytosterol to the action of hydrogen. 

The content of sterol decreases with increasing melting point as shown 
by the following table. 


Hydrogenated oU 

Iodine 
number | 

Solidifyinc 

point 

Hteiol 

content 

Whalo oil (not hydroKonatcfl) . 

' 114 


0 1.3 

Talgol . 

67 

31 

0 10 

Talgol extra. 

.36 

.38 

0 07 

Candelito. 

20 

42 

0 05 

Gandclitc extra. 

13 

4.5 

0 02 


The unsaponifiable constituents of hardened fat when freed from 
sterols were of light y<‘llow color and of salve-like consistency. These 
sterol-free bodies obtained from Talgol, Talgol extra, Candelitc and 
Candelito extra, when rocrystallized from benzine, yielded a product 
melting between 59.2° and 59.8°, which proved to be a fatty alcohol, 
probably octodecyl alcohol. 

In the case of the acetyl number more noticeable changes take place 
according to Normann and Hugel. When hardening castor oil, for 
example, the hydroxyl number in one sample droj)ped from 156 to 102; 
in another sample the number fell to 131. The hydroxyl group i.s thus 
more or less broken down by the hydrogenation process, at least under 
some conditions of treatment. 

HYDROGENATED CASTOR OIL 


Acid number. 3 5 

Saponification number. 183 5 

Iodine number. 4.8 

Acetyl number. 153 5 

Acetyl number of the fatty acids. 143.1 

Acid number of the fatty acids. 184 5 

Saponification number of the fatty acids. 187.9 

Melting point of the fat. 08° C. 

Melting point of the fatty acids. 70° C. 

Melting point of the acetylated acids. 47° C. 


The properties of hardened castor oil have been noted by Garth * 
whose observations differ somewhat from those of Normann and 
Hugel. As is generally known, castor oil differs materially from many 
3eifen. Ztg. (1912), 1309. 
















ANALYTICAL CONSTANTS OF HYDROGENATED OILS 285 


other common oils in such respects as its high viscosity, solubility in 
alcohol and difficulty of salting out its soaps by electrolytes. Hard¬ 
ened castor oil dissolves in alcohol only by heating and separates on 
cooling, but is soluble at ordinary temperature in chloroform. The 
constants of one sample of hardened castor oil examined by Garth are 
given in the above table. 

Those results obtained by Garth would indicate that the saponifi¬ 
cation and acetyl number do not change. The iodine number has 
fallen greatly and the melting point is much increased. The differ¬ 
ence between the acid number of the fatty acids and their saponifica¬ 
tion number points to the formation of lactones. As is known castor 
oil has the property at high temperatures of forming anhydrides, 
accompanied by polymerization. 

The effect of hydrogenation on color tests of oils is variable. Thus 
the Boudouin sesame oil test is not influenced; in fact the reaction 
seemingly is sharper after treatment of the oil with hydrogen, while 
the Halphen tost is not likely to give positive result.s even with oils 
which have been only slightly hardencal. 

The Becci test is operative with slightly-hardened cottonseed oil, 
but is indistinct with highly-hardened oil so that this test is significant 
only in event of a positive coloration. 

Hartloned fish oil loses all its e.ssential characteristics, such as the 
formation of well-defined bromine compounds of the higher unsatu- 
rated fatty acids. Thus there an? obtained after hardening, new fatty 
acids corresponding to the saturated bodies, arachidic (C20H40O2) and 
b(?henic (G^ILiOo) acids, which in variable amounts up to a proportion 
of 20 per cent and more have been observed in certain hydrogenated 
oils. In the hardening of rape oil behenic acid is formed from the 
erucic acid present. Other oils or fats with a noticeable proportion of 
acids with more than 18 carbon atoms in the molecule apparently 
scarcely ever come into the trade. 

The complete conversion of erucic acid to behcnic acid is readily 
obtained by reducing with hydrogen in the presence of nickel. This 
method has been used by Lewkowitsch in the determination of erucic 
acid.* 

The saturated fatty acids obtained by the hydrogenation of the un- 
saturatnd acids of Japanese sardine oil were found by Majima and 
Okada f to have a melting point of 75° O. and a molecular weight of 
349, and consisted in the main of the higher homologues of stearic 
acid, such as or CjiHuOj. Similar results were obtained on 

* Lewkowitsch, Oils, Fats and Waxes, 5th edition, Vol. I, 195 and 553. 
t J. S. C. L, 1914,362. 
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hydrogenating the more fluid fatty acids obtained by chilling and 
pressing. 

As a test for hydrogenated peanut oil, Kreiss and Roth* have given 
a method which consists in saponifying 20 grams of the oil with 40 cc. 
of alcoholic potash; then adding 60 cc. of alcohol and acidifying by 
the addition of 50 per cent acetic acid of which approximately 15 cc. 
are required. One and one-half grams of lead acetate are added and 
the mixture allowed to stand overnight. The lead salts which sepa¬ 
rate are decomposed by boiling with 5 per cent hydrochloric acid, the 
fatty acids arc dissolved in 50 cc. of 90 per cent alcohol with slight 
warming and the solution is placed in water at 15 degrees for about 
one-half hour. The crystals which separate are recrystallized from 
25 cc., then 12j cc. of 90 per cent alcohol and the melting point deter¬ 
mined. The presence of at least 5 pt^r cent arachidic acid cause.s the 
melting point of the third crystallization to be over 70“ C. 

Normann and Hugelf state that this test is applicable likewise to 
hardened fish and rape oil. They tested a number of samples of fish 
oil from several sources and found in each case that the melting point 
of the rccrystallized fatty acids was at least 70 degrees. Normann and 
Hugel also state that it is unneces.sary with hardened fish oil to allow 
the lead acetate to react for several hours, it sufficing simi)ly to let the 
mixture stand until cooled to room temperature; this can be ha.stenod 
by cooling with water. So large a proportion of fatty acids is obtained 
according to this procedure that the specified amount of alcohol is not 
sufficient to dissolve them. It is better to use 100 to 150 cc. of alcohol 
and heat on the water bath until solution is affected. The application 
of heat should not be continued for any great length of time as arachidic 
acid readily forms esters. The mixture is then placed in cold water, 
cooled to room temperature and the separated material collected and 
crystallized several times from alcohol used in progressively diminish¬ 
ing proportions. Three crystallizations suffice for only slightly hard¬ 
ened fats. With fats of higher consistency one must recrystallizo 
several times more until the melting point is constant. 

In one case using hardened fish oil having a melting point of 44, 
three recrystallizations from alcohol gave a constant melting point of 
only 63 degrees, while further recrystallization u.sing acetone caused 
the melting point to advance to 76 degrees. In doubtful cases one 
should try several solvent mediums. If the melting point is found to 
be above 70“ C. Normann and Hugel think it proof that either hard¬ 
ened fish, rape or peanut oil is present. If one is certain of the unitary 

* Chem. Ztg. (1913), 58 and 369. 

t Ibid. (1913), 815. 
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character of the oil then peanut and rape oil can be distinguished from 
fish oil by the cholesterol test, provid(!d the statement of Homer in 
regard to the unchangeability of cholesterol and phytosterol under 
ordinary conditions of oil hydrogenation is confirmed. 

Data on hardened oils by Davidsohn* are tabulated below: 



1 M. P. 

1 

1 

Acid 

nunilior 

^uponifi- 

Ciitioti 

nuniber 

Moisture 

Ash 

Tal^ol. 

39 3 

3.4 

191 0 

0 10 

0 07 

'Talgol extra. 

46 5 

3.5 

191 3 

0 13 

i 0 05 

Candelito . 

49 0 

3 2 

191 0 

0 20 

! 0 08 

Candelito extra. 

51 9 

3.9 

190 K 

0,15 

1 0 04 

Coryphol. 

79 3 

3 3 

189.9 

0 18 

0.05 

1 


These hardened fish oils or other hardened oils put out under the 
trade names indicated are manufactured by the Germania Oil Works 
of Emmerich. 

Knapp t states that the attention of analysts should be directed to 
the fact that in the immediate future they will be called upon to ana¬ 
lyze certain new artificial fats prepared by hydrogenation and, not 
improbably, to detect their presence as adulterants. Thus, for ex¬ 
ample, starting with olive oil, as the absorption of hydrogen proceeds, 
a turbid oil, then a liquid magma, then a soft fat and finally a hard 
fat is obtained. Knapp observes, “ A similar change occurs with all 
oils containing glycerides of unsaturated acids. This rise in the melt¬ 
ing point is naturally accompanied by a decrease in the iodine value 
and refractive index. Fats have been prepared in this way from cot¬ 
tonseed oil with iodine values as low as 5, and if desired the iodine 
value could doubtless be reduced to 0, and the melting point raised to 
60° or 70° C. While it is too costly for commercial purposes to carry 
the saturation of the unsaturated glycerides to completion, it might 
bo of value in the laboratory as an aid to determining the component 
glycerides in a pure oil. Not only the oils containing glycerides of 
oleic acid can be hardened, but also those containing glycerides of 
linolic acid and linoleic acid (the drying oils), and even of such highly 
unsaturated acids as clupanodonic (in whale oils). Anyone who has 
seen a malodorous oil converted into a bland odorless tallow realizes 
the commercial possibilities of the process. And when it is remem¬ 
bered that the process can be stopped when the iodine value reaches 
a desired number, the possibility becomes evident of the preparation 

* Org. f. d. 01-und Fetthdl. (1913), Nos. 14 and 15, and Seifen. Ztg. (1913), 529. 

t The Analyst (1913), 102. 
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of a fat with any required analytical figures.” In support of the fore¬ 
going, Knapp furnishes the following data: 


Appuaraticc 

Oiigin&I oil. 
Clear liquid 

Hardened oils 

Solid purltcloH 1 
floutiQ); 

Soft jireTdy 
«ohd 

Hnttlo solid 

Butyro-refractometer (cor- 






57.7 



47.7 

Fatty acids: ' 





Iodine value. 

110 

94 

5.5 

22 

Titer . 

34.7“ C. 

37.0° C. 

42.5° C. 

52 2° C. 

Neutralization value: 





(mg. KOH). 

197 

196 

196 

192 


The analyst is chiefly interested in the question of how these fats 
are to be cietocted. It is doubtful if their most characteristic feature, 
the relatively high percentage of stearic glycerides which they contain, 
will be of much service. Knapp states that until the manufacturer 
accomplishes the difficult step of completely removing the nickel, the 
detection of traces of this metal will be the simplest and most reliable 
test for hardened oils.* Although the catalyst is very finely divided, 
the manufacturer can obtain a perfectly clear fat by careful filtration, 
and hence it is tlic nickel contained in the nickel soaps formed by the 
free fatty acids present that one has to detect. The following mcithod 
is suggested: 50 grams of the fat are heated in a flask with 20 cc. hydro¬ 
chloric acid, with continued vigorous shaking. The mixture is allowed 
to separate while hot, and part of the acid solution is evaporated to 
dryness, dissolved in a drop of water and placed on a white tile. One 
drop of ammonium sulfide is added to this and also to a drop of water 
for comparison. Knapp, however, tried this test only on a few hard¬ 
ened oils, and in some cases with negative results. Dimethylglyoxime 
is a much more delicate test, but unfortunately Prall has found f that 
certain pure untreated oils give a red coloration. Hence further 
investigation is needed. 

One of the most characteristic tests for fish oils — the bromide 
estimation — is quantitatively useless for these oils after hardening, 

* Too much reliance should not be placed on the nickel test as evidencing the 
presence or absence of hydrogenated oils. It is,known to the writer that hardened 
oils which are 'free from nickel are on the market, these in some cases presumably 
having been prepared with the aid of palladium as a catalyzer. 

t ^omer, Zeitsch. Untersuch. Nahr. Genussn, (1912), 24, 104, and Analyst (1912), 
' 87 , 4541 : - ; 
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as the percentage of ether-insoluble brominated glycerides is greatly 
reduced thereby. Not only are the analytical figures for the oils 
altered by this absorption of hydrogen, but also the traces of substances 
which often serve as a useful test for the particular oil in which they 
occur — e.g., Halphen’s reaction. Knapp believes Bomer's observa¬ 
tion that phytosterol and cholesterol are not changed in this process 
is of great analytical value. 

Three fats obtained by Knapp from a clear cottonseed oil, hardened 
by hydrogen with the help of different catalysts, gave the following 
figures: 


CatoJyut j 

T*erceritttce of 
catalyst 

Character of 
product 

Butyro-refrtic- 

tion 

(Correctetl to 
40* C.) 

Melting poiot, 

! “C. 


1 00 

Hard 

45.7 

49 

Platinum. 

0.10 

Hard 

47.8 

46 

Palladium. 

0 06 

Brittle 

45 5 

52 


The keeping properties of these hardened oils were found to be 
remarkably good. Although prepared nearly a year and a half pre¬ 
viously and having often been exposed to damp air, yet they showed 
no signs of rancidity. The free acidity (0.70 per cent as oleic acid) 
did not appreciably change during the period of observation. 

Bomer* is in substantial agreement with the foregoing, for he states 
that (1) the hardened oils, as a result of the more or less complete 
transformation of unsaturated fatty acids (oleic, linoleic, linolenic) 
into stearic acid, show an increase in the melting and solidifying points 
as W'ell as a lowering of the rofractometcr number and iodine number 
while the saponification number is but little altered. 

(2) Judging by the iodine numbers of the liquid fatty acids, these 
acids appear to be not uniformly transformed into stearic acid, but 
the transformation of oleic acid appears to progress more slowly than 
the less saturated linoleic and linolenic acids, etc.f 

(3) Among the hardened oils, the soft and medium-hard products, 
in color, consistency and in part also in odor and taste show a greater 
or less similarity to beef or mutton tallow, so that by external appear- 

* Chem. Rev. u. d. Fett und Ilarz Ind. (1912), 220. 

t Muller (Seifen. Ztg. (1913), 1376) examined a hydrogenated fish or whale oil 
known as Talgit, having an iodine number of 49, and found the iodine number of 
the liquid fatty acids obtained from this material to be 100, from which he concludes 
that the addition of hydrogen occurs simultaneously with both the oleic and the 
more unsaturated acids and not successively in such a manner as to convert the 
acids containing two or more double bonds into oleic acid before oleic becomes 
transformed into stearic acid. 
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ance one cannot distinguish these hardened oils from such animal 
fats; for example medium-hard peanut oil is so completely like neutral 
lard, and hardened whale oil is so like mutton tallow, that one is not 
able to distinguish between these fats by appearance, consistency, 
odor or taste. 

(4) Not only in their outward properties are these hardened oils 
like hog fat and mutton tallow, but also the usual analytical constants 
are so similar that one cannot distinguish some samples of hardened 
peanut oils and hardened sesame oil from hog fat, nor whale oil, in 
some cases, from mutton or beef tallow. In the latter case even the 
Polenske numbers agree while in the case of sesame oil they are some¬ 
what lower than hog fat. 




Melt- 

flolicii- 

Refrnc- , 

Acid 

No.* 

i^aponi- 

Iodine 

No. 

Oil 

Appearance 


fying 

tometer 

fication 



point 

point 

at 411" 

No. 

Peanut oil un- 









Yellow liquid. . 



56 8 1 
1 

1.1 

191.1 

84,4 

Peanut oil 




White tallowy... 

51.2 

36,5 

50.1 1 

1.0 

188,7| 

47.4 

Sesame oil 

hardened. 

White tallowy... 

62 1 

45 3 

.38,4ti 

4.7 

188.9 

25 4 

Cottonseed oil 

Yellowish 



i 




hardened. 

Cocoanut oil un- 

iard like. 

38 5 

25 4 

53,8 

0 6 

195.7 

69.7 



25 0 

20,4 

37.4 

0.3 

255.6 

11.8 

Cocoanut oil 


hardened. 

White hard like. . 

44.5 

27 7 

36.9 

0 4 

2.54.1 

1 0 

Whale oil hardened,. 

Yellowish tallowy 

45 4 

33.7 

1 

49,1 

1.1 

193.0 

46 8 


• Mllligrama potunsium hydroxide for 1 gram fat. t Determined at 50* C. 


Bomer examined a number of hydrogenated oils and tabulated the 
results of his investigations and from these the above condensed table 
has been compiled. 

The solid and liquid fatty acids separated from the hydrogenated 
fat by the method of Farnsteiner showed the following properties: 



Bolid fatty acidu 

Liquid fatty acids 

ou 

M. P. 

Acid No. 

Refraction at 
40* C. 

Iodine 

No. 




47 6 

91.8 



199.7 

42.9 

82.9 


66.4 

199 5 

44 7 

88.9 

115 6 


46.0 

206.8 

199.6 

48 3 


44.4 

96.0 
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Samples of these hardened oils were ejcamined for cholesterol and 
phytosterol. Hardened peanut oil was found to contain 0.4 per cent, 
sesame oil 1.9 per cent, cottonseed oil 1.6 per cent and whale oil 0.2 
per cent of sterol, of which the three first-mentioned hardened products 
exhibited the typical crystalline form of phytosterol. The melting 
point of these sterols ranged from 132° to 139° C., yielding acetates 
melting between about 126° and 129° C. The hardened whale oil gave 
a sterol melting at 149.7° C. 

Bomer made a series of fractional crystallizations of hardened oil 
and from a sample of hydrogenated peanut oil obtained tristearin 
(amounting to about f per cent). Bomer has called attention to the 
rather striking behavior of cocoanut oil. He calculated from the 
iodine number that the natural oil contained 13 per cent of oleic acid 
and after hydrogenation approximately about 1 per cent of this acid 
was present. As a result of the transformation of 12 per cent of oleic 
acid into stearic acid, the melting point increased from 25.6° to 44.5° C., 
or thus 18.9° C., while the solidifying point advanced from 20.4° to 
27.7° C., or only 7.3° C. 

Bomer * has studied the melting points of hydrogenated oils and as 
regards hydrogenated peanut and sesame oil he notes that the melting 
points of the l(?ast soluble glycerides are very high, being 70.6° C. and 
71.5° C. respectively, while the corresponding fatty acids melted at 
68.6° C. and 68.5° C.; hence these glycerides apparently consist of 
tristearin. The hydrogenated cottonseed oil examined yielded a mix¬ 
ture of glycerides of melting point 61.3° C. and derived fatty acids 
melting at 38° C. 

A species of hardened fish or whale oil, known as “Talgit,” has been 
examined by Muller t who found the product to have an acid value of 
12.8, an iodine number of 49 and a titer (fatty acids) of 39.4° C. The 
fat was saponified and pressed to obtain stearic acid. It was found 
that the operation of pressing could be carried out effectively to yield 
a product technically free from liquid fatty acids; 35 per cent of solid 
fatty acid having a titer of 48.7° C. was thus obtained. Muller states 
that since mixtures of stearic and palmitic acids possess a solidifying 
point above 53.5° C. the low titer of the solid acids of Talgit points to 
the presence of solid acids other than stearic and palmitic. DubovitzJ 
thinks the low melting point to be due to the presence in the original 
fish or whale oil of hypogaeic and physetoleic acid or similar acids with 
possibly unsaturated fatty acids of a still lower nupiber of carbon atoms. 

* Z. Unterauch. Nahr. Genusam. 1914, 153; J. S. C. I., 1914, 323. 
t Seifen. Ztg. (1913), 1376. 
t Ibid. (1913), 1445. 
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Leimdorfer* regards the stearin produced by the hydrogenation 
of some oils to be perhaps an allotropic form of natural stearin. 

The hydrogenation of linseed, peanut and sesame oil, using nickel 
oxide as a catalyzer, according to Bedford and Erdmann, affords 
approximately pure stearic glyceride.f 

An attempt is made by GrinuneJ to identify fish oils after they 
have been hardened. As stated, the ordinary constants give no clue 
to the original source of a hardened oil and hence Grimme resorts to 
color reactions. A list of tests is given for each of the four classes of 
fish oils: (1) Seal oils; (2) Whale oils; (3) Liver oils; (4) Fish oils; 
and also eharaeteristic tests for individual oils. These tests were also 
applied to two hardened oils of unknown origin and Grimme believes 
from his results that the color reactions are characteristic enough to 
establish the presence of fish oiI.» Nickel was found in the samples, 
Fortini’s test (as detailed below) giving the strongest coloration. 
Color reactions were applied to six authentic whale oils from two dif¬ 
ferent sources, and hardened to different degrees. These tests were 
carried out by dissolving 5 parts of the sample in 95 parts of benzine- 
xylene (1 :1) and agitating 5 cc. of the solution with the reagent; 
after 5 minutes and 60 minutes the color was noted. Grimme finds 
the iodine-sulfuric acid reaction (1 cc. concentrated sulfuric acid and 
1 drop tincture of iodine) to give a characteristic violet-red color for 
whale oil though the intensity of coloration decreases with increasing 
hardness. The constants of the six samples of hydrogenated fish and 
whale oils employed and the eoloration produced by different reagents 
are tabulated by Grimme. 


CONSTANTS OF HYDROGENATED FISH AND WHALE OILS 


! 

Sample 

CoDSMtency ^ 

Specific 

gravity 

Melt¬ 

ing 

point 

Solidi¬ 

fying 

point 

Index 
of re¬ 
fraction 

Acid 

No. 

Acid ; 
No. as . 
free 
oleic : 
acid, 

Saponi¬ 

fication 

No. 

Iodine 

No. 

(Wijs) 

I. 

Lard like.. 

0.9256 

•c. 

38.5 

’C. 
32 8 

1.4509 

3.72 

1.91 

188.8 

56.76 

II. 

Tallowy... 

0.9259 

40.0 

35.2 

1.4548 

8.49 

4.26 

189.8 

49.82 

Ill. 

Tallowy... 

0.9258 

42.4 

36.4 

1.4543 

6.64 

2.90 

189.6 

41.36 

IV. 

Tallowy.., 

0.9263 

44.8 

39.3 

1.45391 

4,39 

2.21 

189.2 

35.71 

V. 

Tallowy... 

0.9271 

47.2 

41.5 

1.45361 

4.40 

2.25 

188.7 

26.95 

VI. 

Tallowy... 

0.9271 

48.0 

42.0 

1 

1.4530 

2,18 

1.10 

189 3| 

23.18 


• Ibid. (1913), 1317. 
t Jour. f. prakt. Chem., 1913, 432. 

} Chem. R«v. u. d. Fett und Harz Ind. (1913), 129 and 155. 
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A draft of the Codex alimentarius Austriacus, whicii has been pre¬ 
pared by a board of prominent cliemists and officials including Heftcr, 
Wolfbauer, Fiselier, Hartl and Pellischck,* embraces the subject of 
hydrogenated oils and it is stated that considered as a food product 
these oils will require further careful investigation before it is deter¬ 
mined with certainty just what rank they will take as edible products. 
It is noted that the fats now offered for edible purposes are white to 
yellowish in color, almost odorless and tasteless. Usually the con¬ 
sistency lies between that of ordinary butter and hard tallow. Now 
and then samples are found which melt at about 60° C. and are as 
brittle as carnauba wax. These hard products, of course, are not 
intended by themselves to be used for edible purposes, but are em¬ 
ployed to raise the melting point of soft fats. Samples of hardened 
peanut and sesame oil witli iodine numbers reduced to 50 or lowei, 
sometimes down to 20, have been examined. t!ocoanut oil with an 
iodine number of 2 or even lower has been met with. The cholesterol 
of animal fats and the phytosterol of vegetable oils arc not altered by 
the hydrogenation process. The hardened fats, it is stated, scarcely 
ever appear on the market in their true light, but usually are put out 
under some trade name such as “ Peanut-oleo,” “ Sesame-oloo,” 
“ Peanut-margarine,” “ Sesame-margarine,” “ Crisca,” and the like. 

Hardened oils examined by Aufrechtf in outward appearances 
resembled palm kernel oil. They were very hard and of granular 
fracture, were cither pure white or yellowish in color. A distant odor 
was perceptible on melting or heating. The taste recalled that of 
tallowy fats. The products were readily soluble in the usual fat 
solvent mediums, but the solubility in methyl and ethyl alcohol was 
very slight. The fats were easily sa]X)nifiable. The content of free 
fatty acid fluctuated between 0.51 to 0.83 per cent. The ash reacted 
alkaline and consisted of alkali carbonate and traces of iron oxide, but 
no nickel or other constituent could be detected. The analytical 
results are given in table on the following page. 

The detection of traces of nickel by the usual analytical methods is 
often difficult.t Dimethylglyoxime, proposed by Tchugaeff, is a 
reagent of great sensitiveness. Its application has been investigated 
by a number of chemists, and among these Bianchi and Di Nola § 
report that the presence of copper and iron interferes with the test. 
They worked with an acid reagent and used the following procedure: 

• Seifen. Ztg. (1913), 1087a 
t Pharm. Ztg. (1912), 876. 

t Methods of determination are given by Grossmann, Die Bestimmungmethoden 
dee Nickels und Kobalts, Stuttgart, 1913. 
i BjU. Chim. Fam. (1910), 517. 
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To the substance supposed to contain nickel one or two drops of 
concentrated hydrochloric or nitric acid are added and the acid solu¬ 
tion so obtained is placed in a porcelain dish, or preferably on a strip 
of filter paper. A few drops of ammonia are added, or in case the 
strip of filter paper is used, this may simply be exposed to the vapors 
of ammonia. The liquid is acidified with acetic acid and a drop of 
concentrated alcoholic solution of dimethylgloxime is added. The 
presence of nickel is shown by a red coloration which grows more pro¬ 
nounced in the course of time. This reaction i.s a very simple one and 
does not reejuire any particular technical knowledge for carrying out. 



1 

Durotol 

(yellow) 

Durolol 

(while) 

3 

HydroKen- 
ated train oil 

Color. 

Yellowish 

White 

White , 

Specific gravity at 15° C. 

Melting point, °C. 

0.9252 

0.9257 

0,9268 

46 5 

46 0 

48.0 

Solidification point, °C_ 

43 5 

43 5 

45.5 

Viscosity at 50° C.. . 

5.4 

5.4 

5,6 

Acid No. (calculated asi oleic acid) . .. 

0 51 

0 57 

0,83 

Saponification No, 

162 2 

161,0 

173 5 

Un.saponifiablo matter (per cent).., 

1 92 

2,1 

2 4 

Acetyl No. .... 

1 2 

1 2 

0 95 

Iodine No. . 

3 9 

4,2 

7 8 

liehner No. 

95 8 

95 8 

96.4 

Roichert-Meissl No. 

0.38 

0,36 

0 52 

Water. 

0 0 

0 0 

0 0 

Ash. 

0 037 

0 03 

0.05 


Fortini * has simplified this reaction and uses an alkaline instead of 
an acid reagent which apparently gives more satisfactory results than 
the above procedure. Fortini mixes one-half gram of dimethyl- 
glyoxime, 5 cc. 98 per cent alcohol, and 5 cc. concentrated ammonium 
hydroxide in the order given, yielding a clear, faintly yellowish liquid 
which in glass-stoppered bottles may be kept for a long time unchanged. 
The test is carried out as follows: 

The sample to be examined is freed from fat by extraction with 
ether and to the residue a drop of the reagent is added. When nickel 
is present there will appear in a few seconds a rose-colored flock caused 
by reaction with the nickel oxide present on the surface of the metallic 
nickel. Of course, if nickel is present in the form of a soap, the fat 
should be extracted with, for example, aqueous hydrochloric acid in 
the manner prescribed by Knapp in the foregoing. In order to make . 
the reaction even more sensitive, the residue may be heated for a few 
moments in an oxidizing flame to produce nickel oxide. 

* Chem. Ztg. (1912), 1461. 
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Kerr* proposes the following modification of the dimethylglyoxime 
test for nickel in hydrogenated oils and fats: 

Ten grams of the fat to be tested are heated on the steam bath with 
10 cc. of hydrochloric acid (specific gravity 1.12), with frequent shaking 
for 2 to 3 hours. The fat is then removed by filtering through a wet 
filter paper, the filtrate being received in a white porcelain dish. The 
filtrate is evaporated to dryness on the steam bath, 2 to 3 cc. of concen¬ 
trated nitric acid being added, after it has been partly evaporated, to 
insure the destruction of all organic matter. After the evaporation is 
complete the residue is dissolved in a few cubic centimeters of distilled 
water and a few drops of a one per cent solution of dimethylglyoxime in 
alcohol added. A few drops of dilute ammonia are then added. The 
presence of nickel is shown by the appearance of the red colored nickel 
dimethylglyoxime. The amount of nickel present may be estimated 
by comparing the color developed with that developed in a standard 
solution of a nickel salt. 

The detection and determination of small quantities of nickel by 
a-benzildioxime is described by Atackf as follows: 

An alcoholic solution of a-benzildioxime gives with nickel compounds 
a bulky red precipitate which is insoluble in water, alcohol, acetone, 
10 per cent acetic acid and ammonia; the precipitate becomes reddish 
yellow on boiling. The reagent is much more sensitive than dimethyl¬ 
glyoxime, showing 1 part of nickel in 5 million of water, and the pre¬ 
cipitate is readily filtered. J Small quantities of nickel are determined 
as follows: 150 cc. of a hot saturated alcoholic solution of the oxime 
are added for every 0.01 gram of nickel, the mixture is heated for 
a few minutes on the water bath, filtered, the precipitate washed 
with hot alcohol, and dried at 110° to 112° C.; it has the formula 
C2sH22N40*Ni and contains 10.93 per cent Ni. Nickel may be sepa¬ 
rated from cobalt in ammoniacal solution. a-Benzildioxime is pre¬ 
pared by boiling 10 grams of benzil, dissolved in 50 cc. of methyl 
alcohol, with a concentrated aqueous solution of 8 grams of hydroxyl- 
amine hydrochloride, for 6 hours, washing the precipitate with hot 
water and then with a small quantity of ethyl alcohol, in which it is 
only slightly soluble. It may be crystallized from acetone. 

According to Lindt, nickel may be determined colorimetrically by 
means of. potassium thiocarbonate. Metals of the hydrogen sulfide 
group and manganese, cobalt and zinc should not be present.! 

• Jour. Ind. & Eng. Chem., 1914, 207. 

Chem. Ztg. (1913), 37, 773. 

t Compare Ibbotson, J. 8. C. I. (1911), 1317. 

{ J. S. C. I., 1914, 336. 
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The hydrogen value is proposed by Fokin* as a means of deter¬ 
mining unsaturated organic compounds in a manner similar to the 
iodine values of Hubl and Wijs. 

The “ hydrogen value ” of an organic compound is defined as the 
number of cubic centimeters of hydrogen (at 0 degrees and 760 mm.), 
which are absorbed by 1 gram of the compound. For the test an 
apparatus is devised consisting of a distillation flask (50 to 150 cc.) 
having a small beaker fused inside on the bottom, and connected by 
means of the side tube to a gas burette and a gasometer containing 
hydrogen. In the small beaker are placed about 0.1 gram of catalytic 
platinum, moistened with cc. of water, and in the flask the substance 
to be examined and 20 to 30 cc. of alcohol free from dissolved oxygon. 
Hydrogen is admitte<l and the flask is shaken by a shaking machine 
until absorption is complete. The following hydrogen values were 
obtained by Fokin, the figures in parentheses being either the hydrogen 
values corresponding with Wijs’ iodine value, or, where indicated, the 
theoretical hydrogen values. Elaidic acid, 78.6 to 81.4 (78.8); oleic 
acid, 86.2 to 87.2 (86.2); fatty acids from sunflower oil, 119.6 to 120.8 
(122.9); fatty acids from linseed oil, 164.9 to 166.3 (166.0); castor oil, 
73.7 (75.5); croton oil, 260.9 (theoretical, 258.4); undecoic acid, 
115.6 (114.1); erucic acid, 39.4 (65.6). Colophony does not absorb 
hydrogen under the conditions of the test. The “ hydrogen value ” 
of course is not a determination as yet of use in the identification of 
hardened oils, but is noted here because of its incidental interest. 

To detect the presence of hydrogenated oil in butter fat Seiden- 
berg t makes use of the turbidity point produced by cooling a solu¬ 
tion of the fat in ether-alcohol. The results obtained with three 
samples of hydrogenated oils differed considerably, depending upon 
the degree of hydrogenation. The iodine nunibers of these fats were 
determined and found to be as follows: No. 1, 73.4; No. 2, 34.5; 
and No. 3, 3.4. In No. 1, the amount of the saturated and Lss sol¬ 
uble glycerides is comparatively small, so that these latter do not 
raise the turbidity point of butter fat sufficiently to serve for their 
detection. The effect of the saturated glycerine produced by the 
hydrogenation is also seen in a comparison of the results between 
hydrogenated fats No. 2 and 3. In the case of No. 3, having an 
iodine number of 3.4, the addition of even 5 per cent can be detected 
with certainty, while No. 2, which has an iodine number of 34.5, can 
be detected in quantities of 10 per cent or above. 

*.J. Rubs. Phys. Chum. Suu., 40 (190S), 700; J. Chem. Soc. Abstr., 94 (1908), II, 
037. 

t J. Ijjd. Eng. Chem., 1918, 617. 
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The hydrogenation process has been used by Twitchell for the 
preparation of saturated fatty acids in connection with a study of 
the melting- and solidifying-points of mixtures of fatty acids and the 
use of these points to determine the composition of such mixtures.* 

Twitchell prepared three fatty acids, stearic, palmitic and behenic acid, in a 
fairly pure state. 

The stearic acid was obtained from hydrogenated com oil. The fatty acids 
from this were distilled in a current of superheated steam and the last fraction 
crystallized a number of times from petroleum ether and from alcohol. This 
stearic acid had a solidifying-point of 69.04° and a melting-point in a capillary 
tube of 69.30°. Its combining weight, by titration with alkali, was 284. It 
was not quite pure, as the last crystallization still caused a slight increase of the 
solidifying-point. 

The palmitic acid was obtained from myrtle wax, the fatty acids of which 
were distilled and then crystallized several times from petroleum ether and then 
from alcohol. This had a solidifying-point of 62.14 and a melting-point of 62.44. 
Its combining weight was 25,').3. 

The behenic acid was obtained from hydrogenated menhaden oil, the fatty 
acids of which were distilled and the last fractions crystallized ten times alter¬ 
nately from petroleum other and alcohol. It had a solidifying-point of 79.59° 
and a melting point of 79.99°. Its combining weight was 340.9. 

It can be assumed, Twitchell states, that on hydrogenating a fat, all those 
unsaturated acids containing 18 carbon atoms in the molecule are converted 
into stearic acid, all those containing 16 carbon atoms into palmitic acid and 
all those containing 22 carbon atoms into behenic acid. On comparing the mix¬ 
tures obtained it is seen that the palmitie acid has not increased in the fatty 
acids of the hydrogenated product; therefore, cottonseed oil fatty acids contain 
no unsaturated acids with 16 carbon atoms. As the hydrogenated oil fatty acids 
contain 70.8 per cent stearic acid plus 2.0 per cent of oleic acid the original oil 
fatty acids would contain about 72.8 per cent of unsaturated acids with 18 
carbon atoms, provided there was no stearic acid originally present; at any rate, 
it can be concluded that all the unsaturated acids of cottonseed oil have 18 
carbon atoms in the molecule. 

The composition of the fatty acids of cottonseed oil is therefore about as 
ToUows: 


Palmitic acid. 25.9 per cent 

Unsaturated acids with 18 carbon atoms. 72.8 per ceni 


The increase in weight due to addition of hydrogen, being very small, has not 
been considered in the above calculations. 

The hydrogenated fatty acids were shown to contain 25.9 per cent of stearic, 
23.2 per cent of palmitic acid and 18.7 per cent of behenic acid. The palmitic 
acid was present in the original oil, but the stearic and behenic acids have 
been formed from unsaturated acids with 18 and 22 carbon atoms, respectively. 

The results in(£cate a composition for menhaden oil fatty acids about as 
as follows: 


*J. Ind. Eng. Chem., 1914, 664. 
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Palmitic acid. 22.7 

Other solid, saturated acids. 11.8 

Unsaturated acids with 16 carbon atoms. None 

Unsaturated acids with 18 carbon atoms. 26.7 

Unsaturated acids with 22 carbon atoms. 20.2 

Other unsaturated acids. 18.6 


100.0 

These fatty acids, therefore, probably contain about 18.6 per cent of another 
unsaturated acid with some other number of carbon atoms, and also 11.8 per 
cent of another saturated acid. 

In the course of Twitchell’s previous work on menhaden oil as 
above outlined, a fractional distillation was made of a fatty acid sep¬ 
arated from the hydrogenated oil. There were twenty-one fractions 
in all. In this distillate wore found bchenic, stearic and palmitic acid. 
The presence of arachidie and myristic acid seemed probable but hav¬ 
ing neither of the.se acids in the jmre form, Twitchell could not at that 
time establish their presence in any of the fractions. He therefore 
carried out the following investigations: * 

If any myristic acid were present it would very likely be found in the 6rst 
fraction. To further concentrate it, a portion of this fraction was dissolved n 
alcohol, partially precipitated with lead acetate and filtered. The fatty acids 
were separated from the filtrate and melted in the proportion of 20 parts with 
80 parts of myristic acid: 


The m.p. of this mixture was. 51 60° 

That of pure of myristic acid is. 58.76° 


The lowering of the m.p. was therefore. 2.16° 

The lowering of the m.p. of myristic acid by 20 per cent of palmitic acid is 4.53° 
The percentage of myristic acid in the fatty acids under examination is 

therefore 100X(4.53 — 2.16)/4.53 =. 52.3% 


which clearly establishes the presence of myristic acid in the hydrogenated oil. 

Arachidie Acid in Hydrogenated Menhaden Oil. Fractions 15 and 16 of this 
same distillate had an average combining' weight of 308.5 and were the most 
likely to contain arachidie acid. They were united and crystallised twice for 
90 per cent alcohol at 15° C. The mean combining weight of the crystals was 
324. In previous work it had been shown that behenic acid (molecular 
weight 340) was present in the hydrogenated oil. It would almost certainly be 
in this faction. It remained to determine whether the reduction in combining 
weight was due to arachidie acid. 


• J. Ind. Kng. Cbem., 1917, 582. 
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20 parts of the crystals melted with 80 parts of arachidic acid has a 


m.p. of. 72.95 

Arachidic acid has a m.p. of. 74.78 


The lowering of the m.p. was therefore. 1.83 

The lowering of the m.p. of arachidic acid by 20 per cent of behenic 

acid... 3.61 

The percentage of arachidic acid in the crystals is therefore 100 X 

(3.62-1.83)/3.61 =. 49.3% 


which establishes the presence of arachidic acid in the hydrogenated oil. 

General Results. Having found myristic acid in both the original and the 
hydrogenated fatty acids in equal amounts, it was not produced by hydrogena¬ 
tion. On the other hand arachidic acid was found only in the hydrogenated 
and not in the original fatty acids. It was therefore produced by the addition 
of hydrogen to an unsaturated acid with 20 atoms of carbon. 

The composition of the menhaden oil fatty acid described in Twitchell's 
paper of July, 1914,’ can now be definitely stated as follows: 


Per cent 


Palmitic acid. 22 7 

Myristic acid. 9 2 

Stearic acid. 1 8 

Unsaturated acids with 16 carbon atoms.None 


Unsaturated acids with 18 carbon atonis=26.7 less 1.8 per cent stearic 


acid = 


24.9 


Unsaturated acids with 20 carbon atoms. 22.2 

Unsaturated acids with 22 carbon atoms. 20.2 


From certain observations, Twitchell concludes that the unsaturated acid 
with 22 carbon atoms found in menhaden oil and which, like erucic acid, is 
converted by hydrogenation into t)chcnic acid, is nevertheless not eracic acid, 
since on fusion with caustic potash it is not converted into arachidic acid. It 
is probably a more unsaturated acid which is converted into stearic or palmitic 
acid by the fusion. 

Crossley f reports some work carried out by Passmore on the effect 
of hydrogenation of a number of fatty acids and oils which is illustrated 
by the figures contained in the table on the following page. 

A specific reaction of marine animal oils and their hydrogenation 
products is described by Tortelli and Jafie.J The reaction depends 
upon the fact that these oils contain a chromogenic compound 
which remains unaltered even in the hydrogenation process, and 
towards which bromine, the reagent used, plays the part of a 
auxochrbme, forming a colormg matter that tints with a beautiful 
green a chloroform solution of the oil tested. 

• J. Ind. Eng. Chem., 1914, 664. 

tPharm. Soc., Apr. 21, 1914; Pharm. J., 1914, 9*. 604, 037 and 676; J.S.C.l., 1914, 
1136. 

t Ann> chim. appHcaU, 2, 80-98; Chem. Abs., 1914, 3723; J. S. C. I., 1914, 1061. 
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% 

N) 

Usofl. 

Tompcrft- 

turr. 

Time 

in 

Hours 

lodiiio Value 

Multiri^j-pdint 

Of 

OriRinal 

Sub¬ 

stance 

Of 

PrcKluet 

Of 

Origmal 

Substance. 

Of 

Prod¬ 

uct. 

Ricinoleic acid . 

3 

180° 

2 

89 8 

7.99 

Liquid 

53° 

Ricinoleic acid. 

6 

100 ° 

4 

91.8 

3,69 

Liquid 

72° 

Erucic acid. 

10 

180° 

1 

120 3 

5.95 

Liquid 

58.5° 

Erucic acid. 

3 

180° 


74.0 

2 05 

34° 

79° 

Linnloic acid. 

3 

240-250° 

2 

182 1 

30.00 

Liquid 

60.5° 

Linoleic acid. 

3 

180° 

2 

176.0 

7.79 

Liquid 

66 “ 

Linoleic acid. 

6 

100 ° 

3 

179.2 

5.98 

Liquid 

65° 

Oleic acid. 

3 

240-250° 

i 

82 9 

4.08 

Liquid 

63° 

Oleic acid. 

1 

100 ° 

u 

82.1 

9.77 

Liquid 

61° 

Oleic acid . 

0 

100 ° 

2 

84.8 

3.83 

Liquid 

63° 

Whale oil. 

3 

180° 

13 

120 0 

10.30 

Liquid 

54° 

Whale oil. 

3 

240-2.50° 

1 ,' 

123.0 

27.7 

Liquid 

48.5° 

Cod oil. 

3 

240-250° 

If 

1.57.0 

13.1 

Liquid 

.56° 

Cod oil. 

3 

180° 

3 

1.59.5 

11.1 

Liquid 

57° 

Linseed oil. 

li 

240-2.50° 

n 

181.2 

9.,52 

Liquid 

66 ° 

Linseed oil. 

10 

180° 

11 

176.8 

4.7,5 

Liquid 

62 5° 

Rape oil. 

3 

180° 

u 

118.2 

11.2 

Liquid 

59° 

Rape oil. 

3 

100 ° 

105 

119.1 

24.3 

Liquid 

56° 

Cottonseed oil . 

3 

175° 

u 

101.8 

18.5 

Liquid 

.58° 

Fish oil. 

2 

190-200° 

6 

124.5 

51.5 

Liquid 

solid 

Almond oil. 

2 

172-185 

f. 

92 1 

22.6 

Liquid 



Tortblli and Jaffk Heaction 

The procedure is as follows: Into a graduated cylinder (with foot) provided 

with ground-glass stopper, and 15 mm. in diameter and 15 cc. capacity, are put 

1 cc. of the oil, 6 cc. chloroform and 1 cc. glacial acetic acid. The liquid is 

agitated until it is homogeneous, when 40 drops of a 10 i)er cent chloroform 

solution of bromine are added the whole is again strongly agitated for a mo¬ 
ment and the cylinder placed upon a sheet of paper, If the oil in question 
belongs to the group of marine animal oils it will assume within a minute a 
fugitive pink followed by a bright green color, becoming more end more clear 
and intense, and remaining so for over art hour, after which the color turns to 
brown or sepia. The test is sharper as the oil is more purified or refined. Vege¬ 
table oils, tested as above, remain uncolored, or at most take on a clear yellow, 
which does not change within an hour, then ]>ecoming orange or dull yellow. 
Hemp oil, however, l)ecomes green before addition of bromine and then passes 
decidedly into yellow. Oils of terrestrial animals take quickly a yellowish color, 
which in the couise of an hour always darkens to brown or sepia. Hydro¬ 
genated fats are tested as follows: A large cylinder is used (30 mm. in diameter 
and about 25 cc. in capacity), into which are introduced 5 cc. o' the melted fat, 
10 cc. chloroform, and 1 cc. acetic acid; after agitating well, add 2.5 cc- of 10 
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per sent cWoroform aolulion of bromine and agitate again. There appears 
almost immediately a fugitive yellowish pink, which changes in a minute to a 
bright green, then quickly to an intense green, lasting over an hour. Many 
teste were made by Tortelli and Jafte with different, oils and fats, and the color 
reactions were always positive. Five per cent of hydrogenated fish oil in various 
edible fats has been detected by this test.* 

The reliability of this color reaction is questioned by Grim and Janko.f 
Tests for hydrogenated fish and whale oil made according to Tortelli and Jaffe 
do not give good results with thoroughly hardened fats, but the color reaction 
is shown when incompletely hydrogenated products are used.} The results ob¬ 
tained by the author confirm this view. 

The bromine reaction of Tortelli and Jaffe is stated by Davidsohn § 
to be of little value for the detection of marine animal oils, for many 
of such oils fail to give a green coloration in the test. 

Hydrogenation products of marine animal oils give an intense green color, 
but so also do hydrogenized vegetable oils, such as linseed oil and soya-bean oil. 
The octobromide test of Marcusson and llul>er fails with marine animal oils 
which have been hydrogenated or strongly heated, but is to preferred to 
Tortelli and Jaffe’s test, because its indications are trustworthy when a positive 
result is obtained. 

Tsujimotoji advises that most marine animal oil.? give the Tortelli- 
Jaffe color reactionll especially when the oils are fresh. Old and 
inferior samples, however, give no coloration, or the coloration 
obtained is indistinct. In some eases, the coloration is given by old 
oils after these have been refined. The mixed fatty acids of marine 
animal oils as well as their dLstillates give the coloration, but the 
unsaponifiable matters and higher unsaturated fatty acids do not 
enter into the reaction. Hydrogenated fish oils give indistinct colora¬ 
tions with the test; vegetable oils and terrestrial animal oils and 
fats do not give a reaction. 

Fryer and Weston** observe that apart from the question of wilful 
sophistication of an oil or fat, a new problem for the oil chemist 
■has been created by the introduction of hydrogenated oils in com¬ 
merce. Chemical and physical tests may here give no indication 
of the natural origin of these substances and in some cases it may 

* Chcni. Ztg,, 1915, 14. 

t Soifenfabrikant, 1915, 253-255. 

t Seifen. Zeitung, 1915, 374. 

S Seifen. Zeit.,' 1915, 42, 657 and 678; Z. angew. Chem., 1915, 28, Hef., 560; 
J. S. C. I., 1916, 186.- 

II J. Chem. Ind. Japan, 1915, 18, 1368; J. S. C. I.. 1916, 262. 

1 1 8. C. I., 1914, 1061. 

•♦ISpcbqical Ha;^book of OUb, Fats and Waxes, 1917, Vol. I, 64. 
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be impossible even to distinRuish them from natural products. 
There are, however, certain differences in appearance and character 
which to the practised eye may serve to subject them to suspicion. 
The specific color reactions for cottonseed and apparently for sesame oil 
are of no avail on account of the destruction of the color-producing 
substances present in these oils.* The presence of ph 3 dosterol in 
a stearine would prove a vegetable origin; and liver oils would still 
be recognized by the color reaction with sulphuric acid. A hardened 
maize oil might be detected by the presence of lecithin. Apart from 
this it would seem to be next to impossible in many cases to discover 
with certainty the source of an oil hardened by hydrogenation. 

Pickering f considers the only likely method for the determination 
of the origin of hardened oils is in the separation of the liquid fatty 
acids, bromination of these liquid acids, and separation of the bromides. 
The bromides from marine animal and fish oils char on heating, while 
the bromides from vegetable oils and fats give a definite melting-point 
without any charri ig. 

Results obtained by Sandelin J on the examination of hydrogenated 
products prepared from whale oil at a factory in Kaipiais, Finland, 
and also of hydrogenated whale oil, made in Germany and offered 
to a Finnish margarine factory, were: 



1 

Melting-point. ' 

a 

4 

.3 

"o * 
w 

O 

aJ S 

1 * 

I ** 
5.S 

II 
•h w 
% ^ 
a 

Saponification j 

value. 

Acid value. 

Iodine value 
(WijB). 

1 

s 

ll 

S 

Polenske value. 

Mol wt. of in¬ 
soluble acida. 

1 .-2 

0 (S 

a V 

2 S 

01 a 

Original whale oil. 

fiuid 

fiuid 

84.1 

192.2 

9.50 

144.8 

0.27 

0.69 

287.7 

— 

Artificial tallow. 

47.C 

38.1 

48 9 

183 7 

9.88 

56 9 

0.25 

0.49 

296.4 

75.5 

Artificial stearine. 

S4 3 

47.3 

32.4 

187.7 

7.80 

11.7 

0 14 

0 31 

297 0 

74,1 

Hydrogenated whale oil (German) 

41 9 

31.9 

48.2 

190.9 

s'). 30 

67.8 

_ 

0.18 

0,50 

282.0 

76.0 


♦Of the distinguishing color reactions, the Hsiphen teat ia rendered negative by 
the destruction of the substance producing the color. The uac of pyridine in place 
of amyl alcohol and a closed tube for the test has been found more sensitive and 
should, therefore, be employed in the case of a suspected hardened cottonseed oil to 
detect traces of the chromogenetic body. (Fryer and Weston, Technical Handbook 
of Oils, Fats and Waxes, 1B17, Vol. I, 233.) 

t Commercial Analysis of Oi's, Fats and Commercial Products, Philadelpbia, 1917,04. 
ITeknikern, 1913, 369; Chem. Techn. Rep., 1914, 88,331; J. 8. C. I., 1914, 
1097. 
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THE ANALYTICAL CONSTANTS OF HARDENED OILS 


According to Lehmann (Chem, Ztg., 15>14, 7PS.) 


Hardened Oil. 

Melting- 
point “C. 

SoHdify- 

ing-point 

‘‘C. 

DiffeT- 
cace ®C 

Acid 

No.‘ 

Saponifi¬ 

cation 

No 

Iodine 

No.^ 

Appearance. 

Peanut oil 

42 H 

31.0 

11 2 

I 0 

188 2 

59 0 

white, tallowy 

Peanut oil. 

ari.r) 

24 4 

11 1 

1 0 

188 5 

62 f> 

white, Inrdlikc 

Peanut oil. ... 

37.8 

27 0 

10 8 

2 1 

186 0 

59.5 

white, tallowy 

Peanut oil. 

37 7 

26 8 

10.9 




white, tallowy 

Sesame oil. 

35 2 

24.2 

11 0 

3 0 

185 0 

65 6 

white, lardhke 

Sesame oil.. . 

35 9 

24.4 

11 5 

3 I 

100 2 

64 9 

white, tallowy 

Sesame oil ,. 

35 8 

24 5 

11 3 




white, tallowy 

Cottonseed oil 

30 0 

18 2 

11 8 

0 3 

103 7 

70 9 

yellow, lardlike 

Cottonseed oil . 

33 (J 

21.8 

11 8 

0.4 

192.5 

69 0 

yellow, tallowy 


J MilligraniB of caustic potash per gram of fat. » Hubl Method. 


The iodine values of hydrogenated oils which before hardening had 
high iodine numbers have been determined by Kelber and Rheinheimer * 
using the methods of Gaebel, Huebl, and Wijs and concordant results 
were obtained by all three methods provided a sufficiently long time 
was allowed for the action of the iodine solution. 

In detennining the nickel content of hardened oil, Lehmann f 
employs the following procedure: 

Two hundred grams of the fat are placed in a half liter quartz dish and are 
heated strongly until the fat inflames. Tlie source of heat is removed and the 
fat is allowed to burn quietly. When the combustion is nearing an end, a 
small gas flame is placed under the dish and the considerable masses of carbon 
which are present are burned away, while taking care to avoid air drafts. The 
slight residue of ash is evaporated once with nitric and once with hydrochloric 
acid and is then dissolved in water and the solution concentrated. Concentrated 
ammonia is added to the hot solution to precipitate ferric hydrate, which is 
filtered off. After numerous tests with all recent methods, that of Tschugaeff 
for determining nickel was selected. The nickel solution is mixed with 1 cc. 
each of concentrated ammonia and a 1 per cent alcoholic glyoxime solution. 
Dilution to 50, 100 or 250 cc. is made, according to the intensity of color en¬ 
gendered by the red precipitate which forms. The solution is shaken vigorously 
and compared colorimetricaily with standard solutions of known nickel content. 
60 cc. portions are used for the colorimetric determination and More observa¬ 
tion the solutions are well agitated. The' results obtained by this method 
agreed with those obtained by the gravimetric method of Brunck.t 

The nickel content of several samples of hardened oil is shown in the following 
table; 


♦Arch. Pharm., 1917, 417; J. S. C. I,. S7. 34A; Chem. Abs., 1918, 1004. 
t Chem. Ztg., 1914, 798. 

••tZeitpeh. f. ahgew. Chem., 1907, 1844; J. S. C. I., 1907, 643 and 1217. 
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ASH OF HAHHENED OIL 


Oil. 

Milliohams pbu Kilo 

1 

Totiil Ash. 

Iron. 

Nickel, 




2.3 

Pcamit. 

27,5 

5 3 

1 6 

Peanut. 

40.0 

C 3 

6.1 




4 2 




5 0 

Sesame. 

18 5 

6.0 

1.1 

SesariK.'. 

23,0 

4.2 

11 




i 1.0 

Cotton.wd. 

23.5 

3.9 

0.07 

Oittonseed . 

30.0 

3.5 

0.5 




0.4 






The nsh contained in addition very small amounts of aluminum, zinc and cal¬ 
cium. 

The detection of nickel in fats is carried out according to Schoenfeld by ignit¬ 
ing 5 to 10 g. of the fat in a porcelain crucible. The ash is treated with 1 cc. 
of concentrated hydrochloric acid and heated on the water-bath, then dissolved 
in 2 to 3 cc. of water, filtered and the filtrate evaimrated in a small porcelain 
dish. After moistening with a few droi>a of water a solution of dimethylglyoxime 
is added in the nsual manner. Schoenfeld ohw^rved that far more certain results 
are olitained in this manner than by extracting the fat with hydrochloric acid, 
evaporating the hydrochloric acid solution and testing the residue for nickel,* 


Phall’s Modified Test foe Nickel in Hardened Oil 

The tost for nickel proposed by Prall involving extraction of the 
oil with hydrochloric acid, was not regarded by him as reliable under 
all conditions and ho has found the following procedure to be more 
satisfactory :t 

One hundred to 200 g. of the fat are burned, little by little, in a platinum 
dish, and the residue is ignited. The ash is dissolved in 3 to .'5 cc. acidulated 
water, containing 5 to 10 drops hydrochloric acid. The solution is heated 
somewhat to remove a considerable portion of the excess of acid and is then 
rendered alkaline with ammonia. On allowing to stand for one hour, iron 
and aluminum precipitate and are removed by filtration. The filtrate is evap¬ 
orated to dryness in a small porcelain dish. The residue is moistened with 
ammonia and then a small amount of an alcoholic solution of dimethylglyoxime 
is added. Even with very small amounts of nickel (0.1—0.01 m.g. in 100 g. of 
fat) a distinct red coloration is apparent. 

* Siefen. Ztg., 1914, 946. 

tZeitsch. f. Unters. d. Nahrungs—^u. Genussmittel, 1912, 109. 
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Positive results are attained only by using at letisi 100 g. of the fat. The 
most convenient method of Imrning oflf the fatty matter is to heat the sample 
to the fire point and allow the organic matter to quietly burn away. A lilank 
tost may he condui^tod by grinding nickel sulpliatc with oil and adding 1 cc. or 
0.1 ce. (corresponding to 0.0002 g. or 0.00002 g., respectively of nickel) to 100 g. 
of oil, which is ignited and the residue tested as noted above.* 

The Effect of Hydrogen on Oil Containing Dissolved Nickel 

A sample of cottonseed oil which the autlior hardened with about 1 per cent 
of reduced nickel catalyzer was allowed to stand for two years in contact with 
the catalyzer. The hardened fat was then melted and the catalyzer removed by 
filtration. The filtered fat was distinctly green in color and on analysis was 
found to contain 0.04 per cent of nickel. A quantity of the filtered fat was 
subjected to a gradual increase of temperature, while a current of hydrogen 
was passed through the liquid fat. Portions removed at 145“ C. and again at 
160“ 0., still had a green tinge. At 170“ C., the green color practically disap¬ 
peared and at 185® C. no green color could be detected although the oil w’as 
apparently unblackened by formation of precipitated nickel. 

The determination of the hydropten number is described by 
Albright f and although his investigations are concerned mainly with 
essential oils, much of the data secured is of interest in connection 
with the examination of fatty oils. A form of colloidal palladium 
was used as a catalyzer t and a method of preparing material of this 
character is given by Albright. 

The apparatus used by Albright, which is shown in Figs. 50o and SOb, is similar 
in principle to that devised in the organic laboratory of the University of Gottingen. 


c 



Its fundamental parts are the camshaft, carrying four eccentrics; the shaking baskets 
A, attached to the cams and suspended from pulleys on a supporting rod; the absorp¬ 
tion flasks if, which are placed in the wire baskets; the gas buret connected by means 
of a T tube both with the source of hydrogen and with the absorption flask. Power 
is supplied by a ^-H.P. motor belted to the cam-shaft. When in operation, the shaft 
has a speed of ^about 200 r.p.m. Hydrogen is supplied from a Kipp generator, 

♦ Zeitsch. angew. Chem.. Aufsat-zteil, 1916, 40. 

t J. Am. Chem. 8oc., 1914, 2188. 

tyPaal and Ambergcr, Ber., 37, 124, 1904. 
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or from a steel cylinder and is purified by being passed through a large wash bottle 
containing alkaline-saturated permanganate tmd is washed with water at each 
gas buret by a separate wash bottle. 

Manipulatiori. The manipulation of a reduction is as follows: The air is first 
displaced from the entire apparatus by passing through it a current of hydrogen, 
after removing the stopper C, and lowering the reservoir /), so that sufficient water 
remains to form an air trap at the lower bend of the buret. 'I'he levels in U)th arms 
of the 11 tube arc then equalized at the zero mark. The three-way stoix^ock E, is 
then closed, the stopper C, which had been replaced during the fliLshing of the buret 
with hydrogen, is removed, and 0.02 g. dry colloidal puiladium introduced while a 
current of hydrogen is passing through. Then 50 cc. of 50 per cent alcohol arc added, 
the stopper replaced, the stopcock closed, the three-way cock E momentarily opened 
to the air to equalize the jiressure in the apparatus with that of the atmosjihcre, 




and the flask shaken until no more hydrogen is absorbed. In this way the errors 
due to (1) absorption of hydrogen by the catalyzer, (2) solubility of the gas in the 
solvent, and consumption of hydrogen by oxygen dissolved in the solvent, are 
removed from consideration. The buret is again filled to the zero mark with 
hydrogen and the shaking flask tilted until the palladium solution has drained from 
the concave “ substance table ” (t. The substance under investigation is dropped 
into this talile from an oil pij)et (weighing bottle), again preventing the entrance 
of air by maintaining a current of hydrogen through the apparatus. The purfiose 
of this “ substance table ” is to prevent contact between the catalyzer and .substance 
under examination until the (>})erator is ready to start the experiment. The stopper 
C is replaced, the co<!k is (dosed and the cock E opened momentarily to the air again. 
Connection is then made by the same stopcoc|^ between the shaking flask and the 
buret and the machine is at once set in motion. The absorption of hydrogen is 
carefully watched, maintaining the same water level in each side of the buret by 
regulating the flow of water from the reservoir. When the reaction is finished, ft 
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decided and abrupt decrease in the rate of absorption occurs. On the accuracy 
of the observation of this point depends the accuracy of the determination. The 
end point may readily he found otherwise by noting the buret reading at frequent 
intervals, e.g., every fifteen seconds, and jdotting volume against time on coordinate 
paper, when the break in the resulting curve will give the desired result. This point 
was found ))y drawing a straight line through the first points, then connecting with a 
Hinooth curve those points which lie at the right. 1'lie juncture of the straight line 
representing the main reaction, with the curved line representing absorption of 
hydrogen by secondary subsbuices, if taken as the end point. 

Hyland and Lloyd * state that owing to the production of partially hydrogen¬ 
ated oils, having chemical and physical values practically identical with those of 
olive oil, which are being placed on the market as a substitute for olive oil for 
use in the worsted trade, etc., they have attempted to discover some test by 
means of which these oils could be valued. Some hydrogenated oils have })een 
placed on the market that have an iodine value practically the same as that of 
olive oil, but which, unlike olive oil, gradually become tacky when exposed in 
thin films to moist air, such as oiled tops, etc. A study of the oxidation phe¬ 
nomena of various oils was, therefore, carried out but no conclusive results as 
regards such hydrogenated oils arc reported. 

A report on fats and oils by Kerr f affords a study of two methods 
for the detection of phytosterol in mixtures of animal and vegetable 
fats: (1) Bureau of Animal Industry method J and (2) the digitonin 
method of Marcusson and Schilling. § 

Three samples were sent out: (1) Lard containing 5 per cent cottonseed oil 
and 0.25 per cent vaseline. This amount of vaseline would effectually prevent 
accurate observations by the present provisional method. (2) Pure lard, rancid. 
Rancidity interferes decidedly with the present method. (3) Lard containing 
2.5 per cent hydrogenated cottonseed oil and 2.5 per cent soya-bean oil. Throe 
collaborators were led to correct conclusioms by cacli method. The digitonin 
method is more simple and convenient but the reagent is expensive and difficult 
to obtain. The Bur. Animal Industry method requires more time and labor in 
manipulation but does not depend on an expensive reagent. Both methods are 
'decidedly superior to the present provisional method and are recommended for 
adoption by the Association as provisional methods. 

An investigation of the Bomer method for detecting tallow in 
lard by Prescher |j led to the examination of fifty-eight fats of known 
character by both the Bomer and the Polenske ** methods in order 
to ascertain their relative efficiency in detecting foreign fats in lard. 

* J. S. C. 1.. 1915, 62. 

t J. Abboc. Official Agr. Chemists, 1, 513-5, 1916, 
tU. S. D. A. Bur. Animal Ind., Circ. 212. 

. fi Chem. Abfl., 8, 1022. 

II Z. Nahr.-Genusem,, 29, 433-7, 1,816. 
f Chem. Abs., 8, 1174. 

Chem. Abe., 2, 7i6. 
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In the “case of 25 samples of adulterated lard only 3, containing, respectively, 
10, 20 and 30 per cent of beef tallow, could Im defected by the Polenskc method, 
the others, some containing .as much as 15 ptw cent of t)ccf tallow, giving nega¬ 
tive tests. The Bomor method failed in only two cases, in which 5 and 10 per 
cent, respectively, of liecf tallow were present. Eighteen samples of pure lard 
gave negative tests by the Bomer method, the Polenske procedure giving false 
indications of adulterations in two cases. Hydrogenated vegetable oils give a 
positive Bomer test and can be distinguished from lieef tallow by the phyto- 
stcryl acetate test. The Bomer method is to be preferred for simplicity and 
accuracy. 

A smaller amount of phytosterol acetate is obtained from oils 
after liydrogcnation than before this treatment according to Sprink- 
meyer and Diedrichs.* 

Hydrogenated marine animal oils are indicated according to 
Proscher t by the color reactions of Tortelli and Jaffe,t together with 
positive rc.sults in Kreis and Roth’s test § for arachidic acid and the 
cholestoryl acetate test. 

The prc.scnce of arachidic acid and a positive result in the phytostcryl acetate 
teat indicate arachis or rape-seed oils. Sesame oil is detected by the Solt.sien 
and llaudouin tests. An excessively low saixmification value points to rape 
oil, while cocoanut and palm-kernel oils arc indicated by aaponific.ation values 
exceeding 230 and by the Reiehert-Meiasl and Polenske values. Hydrogenated 
castor oil has a high hydroxyl value, while hydrogenated cottonseed oil may be 
detected by Becehi's and Ilaucbceorne's tests. The ratio between the iodine 
value and refractive index is different in hydrogenated fats from the ratio in 
animal fats. Cocoanut oil is distinguished by its very low iodine value. Bel- 
licr's reaction la only applicable to a limited extent to the detection of hydro¬ 
genated vegetable oils. The dimethylglyoxime test for nickel may also bo incon¬ 
clusive, since many freshly-expressed oils give a red coloration in the absence 
of nickel. 

Completely hydrogenated fats have been prepared by Mannich 
and Thiele || by the aid of a charcoal-palladium catalyzer carrying 
2 per cent Pd, in a container surrounded by an asbestos jacket and 
maintained at 100°. The catalytic material is subsequently and 
completely removed by filtration, yielding a product free from all 
contamination, an advantage stated to be not possessed by the 
colloidal reduction process. This method can with equal facility 

• Zeitsch. f. Unters. d. Nahrungs u. Genuasm.. 1914, 236; Chem. Abs., 1915, 940, 

t Z. Unters. Nahr. Genuasm., 1915, 30, 367; Z. augew. Gbem., 1916, 29, Ref., 165; 
J. S. C. I., 1916, 648. 

tJ. S. C. I., 1914, 1061. 

|J. S. C. I., 1913, 201. 

II Ber. pharm. Gea., 26, 36-38, 1916; Chem. Abs., 1916, 2168; J. S. C. I., 1010, 
648. See also Thiele, Dissertation, Gottingen, 1914. 
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bft carried out in a solvent medium. The oils operated upon and 
the constants of the resulting fats arc given below; 


Oils. 

M. P. 

I. No. 

Sapon. No. 

M. r. of In¬ 
soluble Fatty 
Acids 
(Hehiiff). 

Olive. 

70° 

0.2 

190.9 

71.0° 

Almond. 

72° 

0.0 

191.8 

71 0° 

Peanut. 

64-64.5° 


191.6 

67.0° 

Sesame. 

68 5° 


190.6 

09.5° 

Cacao butter. 

63 5-64° 

0.0 

193.9 

0.5 5° 

Ponuy. 

70.5 

0.3 

191 3 

71.0° 

Linseed . 

0 

GO 

0.2 

189 6 

70 5° 

Tallow . 

62° 

0.1 

197 7 

64.0° 

Lard. 

64° 

3.0 

196.8 

62 0° 

Cod liver. 

6;f° 

1.2 

186 2 

59 0° 


A chloroform solution of the hydrogenated cod-liver oil gave no 
coloration with sulphuric acid. 

The effect of hydrogenation on cholesterol and phytostcrol has 
been investigated by Marcusson and Meyerheim,* with the follow¬ 
ing results. 

Cholesterol and phyto.steroI were separated from the unsaponifiablc matter of 
natural and hydrogenated oils and fats by the digitonin method of Windaus.t 
The amounts in natural fats ranged from 0.03 (tallow) to 0.38 per cent (linseed 
oil). Calculated on the unsaponifiable matter the proportion ranged from 33 
to 55 per cent in the case of the vegetable oils examined, and from 8 to 14 
per cent in the case of the animal fat-s (cod-liver oil and tallow). In addition 
to phytosterol or cholesterol other alcohols arc present in the unsaponifiable 
matter, which either ne\itralize the optical laevorotation (os in the case of 
cottonseed oil) or even produce dextrorotation (linseed, cod-liver, and especially 
sesame oil). The presence of sesamol affords a means of detecting sesame oil, 
when no color reactions can be obtained. The unsaponifiable matter left after 
separation of cholesterol or phytostcrol was a thick oil or semi-solid mass con¬ 
sisting in the main of unsaturated dextrorotatory alcohols (laevorotatory in the 
case of ox tallow) and small quantities of hydrocarbons. Only in the unsapon- 
ifiable matter of dark cod-liver oil were considerable amounts of hydrocarbons 
found. The dextrorotatory power of the unsaponifiable matter of sesame oil 
was greatly increased by the removal of the phytosterol. The iodine value 
(Htlbl-Waller) of the residual unsaponifiable matter ranged from 5B to 78. As 
a rule hydrogenated fats contained less cholesterol or phytosterol than the cor¬ 
responding natural fats, and the proportion decreased with the degree of hydro¬ 
s' Mitt. k. Materislpifif., 1916, 33, 221-225; J. S. C. I., 1916, 549; Seifen. Ztg., 
1916, 168. See also WUlstatter and Meyer. Ber. 41, 2199; Diels and Abderhalden, 
Ber. 39, 884 and Moreschi, Rend* soc. chim. itol. 1914 (2) 5, 236. 
tJ. S. C. I., 1913, ,1152. 
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genation. For example, the following reaults were obtained in the progressive 
hydrogenation of a marine animal oil: 



Iodine Value 

Sohdtf Pt 

Cholesterol. 

Original marine animal oil. 

114 

Deg. C. 

Per Cent, 

0 13 

I'alRol. .... 

67 

31 

0 10 

Talgol extra . 

36 

38 

0 07 

Candelite. 

20 

42 

0 05 

Candelite extra .... 

13 

45 

0.02 


The unsaponifialilo matter of hydrogenated fata after removal of the chole¬ 
sterol or phytosterol was a yellow semi-solid mass, from which, in the ease of 
talgol, and oandelite, a saturated alcohol, M.P. fithd® to 59.S® C, could be ex¬ 
tracted with petroleum spirit. It had a refractive index of 1.4'2fi8 at 100® C. 
and appeared to be octodecyl alcohol. Transfonnation products of cholesterol 
were not obtained from talgol or candclite, but derivatives of phytosterol could 
be separated from hydrogenated vegetable oils. For example, repealed rccrys- 
tallization of the unsaponifiable matter of hydrogenated linseed oil from 90 
per cent alcohol yielded an alcohol (M.P. 75° C.) which did not give the char¬ 
acteristic phytosterol reactions. 

Hydrogenated marine animal oils may be detected according to 
Marcusson and Huber * by an examination of the unsaponifiable 
matter for the presence of octodecyl alcohol, M.P. 60°. 

Tsujimoto t has prepared and examined hydrogenated chrysalis 
oil. He has found raw chrysalis oil to be unsuitable for the pur¬ 
pose of hydrogenation, as its nitrogenous and other impurities 
largely affect the activity of the catalyzer. The refining of chrysalis 
oil is by no means easy; but a method proposed by Tsujimoto, 
which essentially consists in heating the oil with 5 to 10 per cent 
by volume of dilute sulphuric acid (sp. gr. 1.39) followed by treat¬ 
ment with Kambara earth, gives an excellent result. The refined 
oil hardened by nickel catalyzer is a white fat which may be used 
as a raw material for soap making. 

The composition of chrysalis oil has been as yet little inve.stigated. The 
results of experiments previously published by Tsujimoto appear to be the 
only report on this subject. He has noted that the fatty acids of chrysalis oil 
consist of about 25 per cent saturated and 75 [wr cent unsaturated acids (iodine 
value 178.73). Among the saturated acids, palmitic acid was identified; stearic 
acid is probably not present. The unsaturated acids consist of oleic, linolenic 
and isolinolenic acids; besides them, some isomers of linolic acid are present 
in a larger quantity. 

* Mitt. klg. MaterialprilfuDgsamt, J4, 64. 
tJ. Ind. Eng. Chem., 1916, 802. 
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If the conclusions reached in the above-mentioned investigation be correct, 
the final product of the hydrogenation of these unsaturated acids must be 
stearic acid. Tsujimoto considered that a study of the product was im|)ortant 
from the point of view of utilizing the hardened chrysalis oil for technical pur¬ 
poses and accordingly made certain experiments which are described below. 


Hydrogenation op the TJnsaturated (Liquid) Fatty Acids op Chrysalis Oil 

Fifty grama of chrysalis oil were sai^onified in a flask with 38 cc. of 50 per cent 
aqueous solution of KOH and 113 cc. of 06 per «int alcohol, by warming on a 
water-bath; the excess of alkali was neutralized with acetic acid and 500 cc. of 
7 per cent aqueous lead acetate solution was stirred into it. The resulting lead 
soap was twice washed with 500 cc. of hot water and treated w’^ith 500 cc. of 
ether at 10° C. and then filtered. (Tortelli and Huggeri’s method.) The fil¬ 
trate was then t.reated with dilute HCl, in order to decompose the load soap, 
and was well washed with water: 250 cc. of the ethereal solution of the free 
unsaturated acids thus obtained, which contains about 20 g. of acids of iodine 
value 176.17, were transferred into a strong glass bottle; 0.5 g. of Loew’s plat¬ 
inum black was added. The Iwttic was then connected to a hydrogen holder. 
On expelling the air from the Imttle by hydrogen, it was strongly shaken by 
means of a mechanical contrivance. After 3-} hours shaking, a loss of about 
2900 cc, of hydrogen was observed on the holder. Here the hydrogeniition w^as 
stopped for a time. On evaporating off the ether, a residue amounting to 
17,52 g. was obtained. It was a brown-yellow crystalline mass winch, w’hen 
melted, formed a brown-red liquid; it melted at 56.2° C., having the neutraliza¬ 
tion value 188.92 and iodine value 45.91. The hydrogenation was apparently 
incomplete; but before continuing the operation, it was found better to remove 
the unsaponifiable and coloring matter from the product. Eleven grams of the above 
product were saponified with 50 cc. of 8 per cent alcoholic solution of NaOH; 
then 5 g. of NaHCOa and about 50 g. of pure sand were thoroughly mixed with it. 
The mass was dried, powdered and exhausted in a Soxhiet extractor with jwtro- 
leum ether. The crude unsaponifiable matter thus extracted was 2.22 per cent 
The soap in the extractor was dissolved in hot water and decomposed with dilute 
HCI and then taken up with ether. The ethereal solution of the fatty acids 
which appeared brownish yellow, was decolorized with animal charcoal, and made 
up to 250 cc. by adding ether; then adding 0.3 g. of the platinum black, it was 
hydrogenized for two hours in the same way as before (the reading of the volume 
of hydrogen was omitted.) On evaporating off the ether, 8.3 g. of the hydro¬ 
genated acids were obtained. The white crystalline mass had a melting-p'^int 
of 68 to 68.5° C., neutralization value 195.19 and iodine value 0. This product 
is, therefore, a saturated compound, which in its M.P. and neutralization value 
nearly coincides with stearic acid (M.P. 69.3® C., neutralization value 197.5, 
molecular weight 284). A mixture of the product with about an equal quan¬ 
tity of pure stearic acid melted at 68 to 68.3° C. In order to perform the 
fractional crystallization of the acids, 5 g. of the hydrogenated product were 
dissolved in 100 cc. of 90 per cent alcohol and separated into three portions 
successively as follows: (1)4.27 g.; white Lamin© with pearly luster; M.P. 
69.5 to 70° C.; neutralization value 197,82; mean mol. wt. 283.59. A mixture 
with pure,stearic acid melted at 69.6° to 69.7° C. (2) 0.21 g.; M.P. 68° C.; 
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neutralization value 197.20. (3) Residue left on evaporating the mother liquor, 
0.41 g.; a little colored solid; M.P. 50° C.; neutralization value 177.42. 

The low melting-point and neutralization value are probably due to the accumu¬ 
lation of the impurities in this part and also to the e.sterification of the acids on 
evaporating off alcohol. The result of the elementary analysis of (1) was as follows: 
0.1245 gave 0.3487 COa and 0.1439 HaO; C=70.39; H = 12.84. CisHasOa required 
C=76.06; H = 12.68. Therefore the substance is stearic acid. From the 
above, it was concluded that the hydrogenated product of the unsaturated fatty 
acids of chrysalis oil consists mainly of stearic acid. 

By the hydrogenation of spinacene, a hydrocarbon from certain fish 
liver oils, with platinum black as catalyst, Chapman * found the 
iodine value was reduced to 18, and a hydrocarbon, C 30 H 02 , boiling 
at 274° to 275° C. (18 mm.) was obtained. This was a colorless, odorless 
nil not solidifying at —20° C., and having a sp.gr. of 0.8172 at 20°/ 
20° C. The unsaturated hydrocarbon squalcne separated by Tsujimoto 
clo.sely resembles .spinaconc. 

The glycerol content of hardened fats was determined by Normann 
and Hugel t using several of the published methods and the results 
obtained compared with thn.se calculated from the ester values. 
Tlie results obtained by the bichromate method agreed very well 
with the calculated values. Wilstiitter’s method t gave satisfactory 
results, but the results obtained by the acetin method were 
per cent lower than the calculated values. 

In the identification of hardened marine oils and rape oil, Nor¬ 
mann and Hugel § supplement the usual melting-point test for 
arachidic acid by the determination of the saponification value of 
the fatty acids, using an excess of alkali and titrating back the excess. 
A direct determination with N/10 alkali is uncertain. 

The behavior of the hydroxyl group of the hydroxylated fatty 
acids on catalytic hydrogenation by means of nickel has been studied 
by Jurgens and Meigen ||. Nickel catalyzer reduces castor oil 
below 200° practically only at the double bond of the ricinolic acid 
radical, while above 200° its hydroxyl group is also reduced. Rici¬ 
nolic acid itself is little affected at the lower temperature but its 
hydroxyl group is reduced at the higher temperature. Nickel oxide 
catalyzer reduces the hydroxyl group more rapidly than the double 

*Chem. Soc. Trans,, 1917, 56. 

t Chem. Umschau, 1916, 23, 45-47. Z, angew. Chem., 1916, 29, Ref., 371; J.S.C.I,, 
1916, 932. 

t,). a. C. I., 1912, 997. 

§ Chom. Umschau, 23, 131-3, 1916; J. S. C. I., 1917, 658; Chem. Abs., 1917, 
2730; Z. angew. Chem., 1917, 30 . Ref., 108. 

II Chem. Umsehau, 23, 99-102, 116-20, 1916; Z. angew. Chem,, 30, II, 34, 1917; 
J. S. C. I., 36, G57; Chem. Abs., 1917, 2736. 
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bond. With 2 per cent nickel catalyzer under high pressure the 

hydroxyl group reduction is slower than at atmospheric pressure 
because the increased tension of the steam from the hydroxyl group 
tends to prevent further decomposition of this group. 

Svendsen * reports on the chemical composition of hardened whale 
oil. A sample of hardened whale oil had acid value 1.5, saponifi¬ 
cation value 195.7, iodine number 59.8, refraetometer reading at 

40° C., 50; it yielded no insoluble bromide. The fatty acids con¬ 
sisted of 10.8 per cent of myristic acid, 17.9 per cent of palmitic 
acid, 10.6 per cent of Bull’s Cio-acid f 10.8 per cent of stearic acid, 
27.7 per cent of oleic acid, 3.4 per cent of arachidic acid, 8 per cent 
of a solid acid, C22H3(;02, 2.5 per cent of behenic acid, and 8.8 per 
cent of an acid, C 22 H 40 O 2 . 

Bosshard and Fischli J give the following method for the deter¬ 
mination of hydrogen in gaseous mixtures by catalytic absorption: 

The absorption of hydrogen by sodium olcate solution in presence of a reduced 
nickel catalyst is utilized for the quantitative determination of this gas in 

mixtures. The catalyst must cither l)e used immediately after its i)rcparation 

by the reduction of nickel oxide at .340'’ C., or it must be preserved in .scaled 
glass tubes in 3-g. quantities in an atmosphere of hydrogen, Absorption is 
effected in a Hcmpel pi|)ettc or in a spherical pipette with a mercury seal. 
The gaseous mixture is freed from carbon dioxide, carbon monoxide, oxygen, 
etc., by the usual methods, and 1.5 to ‘20 cc. of the residue is introduced into 
the pipette charged wit.h concentraleel aqueous sodium oleate solution con¬ 
taining 3 per cent of the catalyst in susitcnsion; the whole of the hydrogen will 
bo absorbed after ten minutes shaking. The foam which is produced may be 
destroyed by allowing a small (piantity of alcohol to enter the pipette, but as 
this retards the rate of absorption it is recommended that two pipettes be em¬ 
ployed; when absorption is complete the gas and foam arc transferred to the 
second pipette before adding alcohol, so that the solution in the first pipette 
may retain its absorbing capacity for a number of operations. Nitrogen and 
methane do not interfere. The latter is determined by explosion. Comparative 
■ tests show the method to be highly accurate. 

Anderson and Katz § do not agree with the conclusions of Boss- 
hard and Fischli. Commenting on the difficulties of handling the 
reagents, Anderson and Katz found that the reagent finally in the 
absorption pipette without access of air, samples of hydrogen wore 
placed in contact with it, but with practically no absorption. Many 
attempts were made to obtain an active reagent, using metallic 

*Tidaltrift Kemi, Farm., ok Tcrain, 1910, 20. 283-292; Z. nngew. Chem., 1917, 
30; J. S. C. L, 1917, 003. 

t CieHioO!, discmcrcd by Bull., Bcr., 1900. .3574, but not named by him. Chom. 
Abs., I, 305, Named palmitoleic acid by LcwkowiUch, J. S. C'.. 1., 1906, 1158. 

J Z. angow. Chem., 1915, 28, 365-366; Chem. Abs., 1916, 26. 

{J. lod. Eng. Chom., 1918, 24. 
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nickel prepared from nickel oxide of various decrees of fineness 
down to 200 mesh, but with no success. A temperature of 80° C. 
was maintained in the reagent in one case, but to no advantage. 
It was noticed, however, that the solutioius of sodium olcato to which 
nickel had been added hardened much more quickly than those of 
the same concentration that contained no nickel. It was assumed 
that this was due to the “ hardening ” of the solution by the hydro¬ 
gen absorbed by the nickel. Accordingly, the preparation of nickel 
was modified by substituting a current of nitrogen for the hydrogen 
at the point when the reduction of the nickel oxide liad been com¬ 
pleted, continuing the heating of the material for a short time to 
drive off occluded hydrogen. The nickel w'as finally cooled in nitro¬ 
gen and stored in an atmosphere of this gas. When this material 
was employed as a catalyst, the sodium oleate .showed no ten¬ 
dency to harden sooner than it would have done in the absence of 
nickel, entirely in accordance with the suggested explanation, but 
the reagent thus obtained did not absorb hydrogen from gas mix¬ 
tures placed in contact with it. 

At this juncture, the attempt to ascertain the conditions under 
which complete absorption of hydrogen by sodium oleate in solu¬ 
tion might be obtained was abandoned, because of certain objec¬ 
tions inherent in the method which would make it of little value 
even when standardized and found capable of giving satisfactory 
results. Among these objections might be mentioned the following: 

1. The time and effort required for the preparation of the catalyst 
is considerable, and the necessity of keeping it out of contact with 
air adds to the difficulty of its use. 

2. The reagent foams badly and this renders the absorption process 
itself a lengthy and tedious operation. 

3. The rapidity with which even moderately dilute solutions of 
sodium oleate solidify renders it necessary to prepare fresh solutions 
frequently. Also, old solutions must te discarded before they solid¬ 
ify in the pipette, otherwise they can be removed only with difficulty. 

The hydrogenation process is used by Biazzo and Vigdoreik * 
as a means of determining colza or rape oil in olive oil. The pro¬ 
cedure is based on the transformation of erucic into behenic acid, 
using palladium as catalyzer. Behenic acid is characterized by 
slight solubility in 90 per cent alcohol, by high melting-point (84°) 
and by its quantitative yield from erucic acid. Recently very cheap 
and powerful catalytic palladium has been prepared by Mannich 

•Ana. Chim. applicata, 6, 185-95, 1916; J. S- C. I., 1917, 90; Cheia. Aba., 1917, 
713. 
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and Thiele * by depositinR reduced palla{lium upon ignited animal 
charcoal, giving a catiilyzcr that will saturate fatty substances 
completely, using 1 part palladium to 15,000 parts oil. 

Biazzo and Vigdoreik’s method is as follows: Saponify 20 g. of the oil and 
extract fatty acids with other and sulphimic acid. Dry the ether extract with 
calcium chloride, distill off the solvent .and remove the last traces from the 
residue by placing in hot oven for fifteen minutes and blowing a current of air 
over it from time to time. Dissolve the .acids obtained in 180 cc. anhydrous 
acetone, warm on the water-bath to incipient Imiling, add 20 cc. N caustic pota.sh 
and cool to 15°. Collect the precipitated fatty acids by use of the pump, wash 
with 4 portions of 10 cc. cold acetone, finally dissolve in water and extract from 
the solution the solid fatty acid.s with hydrochloric acid and 100 cc. ether. 
Wash the ethereal extract twice, each time wil.h ItK) cc. water and then .shake 
for five minutes with 15 cc. 30 per cent aqueous solution of lead acetate, sub¬ 
sequently removing the subnatant aqueous layer. Filter the precipitate “ A ” 
of lead soaps from the ethereal solution “B,” first allowing the liquid, if neces¬ 
sary, to stand on a bath at 23° to 25° for one-half hour. E.xamine the jtrccip- 
itate “ A ” for arachidic and lignoceric acid.s, i.e., for arachid oil.f Free .solution 
“ B ” from lead by use of hydrochloric acid and wa.sh till the minerid acid is 
completely removed. Hydrogenate by i)alladium catalyzer till hydrogen is no 
longer absorbed, filter and evaporate the solvent. Treat the residue by frac¬ 
tional crystallization as in the method of separating arachidic and lignoceric acid.s. t 
It the final crystallization gives a substancr: with melting-point .above 71°, the oil 
under examination contains a cruciferous oil. Positive indications arc furnished by 
a melting-point between 70° to 79.° The sensitiveness of the method depends 
upon the care employed in preiraring the palladium catalyzer, and in collecting 
and washing the acid potassium soaps, insoluble in acetone, at 15°. 

A procedure by Kelber § relates to the removal of halogen from 
organic halogen derivatives by catalytic hydrogenation. Kelber notes 
that palladium has been used for the displacement of halogens from 
organic compounds, and it has been found that the reaction in pres¬ 
ence of palladinized calcium carbonate proceeds so completely that the 
hydrogenation proce.ss may be used as a quantitative method for the 
determination of halogens. 

Equally satisfactory results may be obtained with nickel catalysts and in this 
c.ase it is not necessary to recover the catalyst. A special shaking tube has been 
designed for the use of this method for analytical purposes. This vessel is easily 
filled with the catalyst and the halogen derivative can be added subsequently; 
any contact of the liquid and catalyst with rubber connections is avoided and 
the product of the reaction can be quantitatively removed. The catalyst is 
prepared by heating basic nickel carbonate in a current of hydrogen at 310° to 
320° C., cooling, and passing a current of carbon dioxide over the material. 
The catalyst may be kept for a long lime in closed vessels. For each deter- 

♦ Chem. Abs.. 10, 2168. 
t Chem. Abs., 1917, 712. 

• t 3. S. C. I., 1913, 201. 

, jBer., 1917, 305; J. 8. C. I.. 1917, 568 and 1910, 382 aud 1130. 
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mination, 3 g. of the catalyst is placed in the reaction tube, shaken with water 
or dilute alcohol and 0.5 to 1.0 g. of alkali hydroxide in presence of hydrogen 
until no more of the gas is absorbed, and the subslancte to be analyzed is then 
sucked in and the funnel rinsed. Shaking is continued for some time after the 
reaction with the hydrogen is complet(i, the nickel is filtered off and washed, and 
the halogen in the liquid determined either gravimetrically or by titration. In 
the ease of amino compounds or compounds whi<;h form precipitates with silver, 
the organic by-products should be shaken out with ether before making the 
halogen determination. 

Commenting on an article by Moore, Riehtcr and Van Arsdol, 
Lowenstein * expresses surprise that the writers of tliis article made 
the statement that the amount of hydrogenation which is required 
to render the oil just incapable of responding to the Halphcn test 
has not to their knowledge been investigated, in view of Lowen- 
stein’s Patent No. 1,187,999. In reply to this, Moore, Richter and 
Van Ardsale comment as follows: 

In reply to Dr. Arthur Lawen.slcin’9 cril.icisni of a section in our article on 
“ The Incomplete Hydrogenation of Cottonseed Oil,” we wish to state that 
U. S. Patemt No. 1,187,999 wsis familiar to us at the time the section in ques¬ 
tion was written: neither at that time nor at the present time, however, could 
we regard the disclosures of the patent as constituting anticipation of our work. 

The fuiuhiniontal staUment of the patent, as quoted above by Dr. Lowen- 
stioin, is as follows: “ . . . the hydrogenation process is continued until a sample 
of the oil fails t.o respond to tlie Halphen reaction and the desired degree of 
crystallization takes place when tlie oil is chilled.” There is no warrant for 
assuming from the language of the patent that when the Halphen tost is just 
destroyed the. jiroper amount of crystallizablc material has just been produced; 
in fact it would appear that a comsidcrahle degree of ehoice may be exercised 
in the jjroduction of this stoarine after the Halphen test response is gone. 

The iodine number of the product of the patent is not stated to be that of a 
product in which the response to Haljdien test has just been destroyed, but is 
that of a product in which l)oth conditions have been met. The breadth of the 
range given, 90 to 102, indicates that “ the desired degree of crystallization ” 
upon nliilling is subject to considerable variation, according to the object in view. 

Tlie other distinguishing mark given in the patent, namely, a range of increase in 
titre, likewise fails to disclose any definite knowledge of the degree of hydrogenation 
necessary to destroy the response to the test; its indication is ambiguous like that 
of the iodine number. We, have not experimented with the Wolfbauer method, 
since its use is uncommon in this country, l)ut it is certain that the range of 
0.1° to 0.5° C. represents a very large range in actual hydrogenation, as mea¬ 
sured by change in iodine number. It is noteworthy that our experiments in¬ 
variably showed a decrease in titre, as measured by the A, 0. A. C. method, 
before any increase began, so that to increase the titre 0.1 to 0.5 above that 
of the original oil required a drop of iodine number to about 70. 

We wish to point out that if, as Dr. Lowenstein asserts, there are “ many vari¬ 
able factors which would have an effect on this conclusion,” there exists no pub- 
♦ J. Ind. Eng. Chem., 9, 719. 
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and Thiele * by depositinR reduced palla{lium upon ignited animal 
charcoal, giving a catiilyzcr that will saturate fatty substances 
completely, using 1 part palladium to 15,000 parts oil. 

Biazzo and Vigdoreik’s method is as follows: Saponify 20 g. of the oil and 
extract fatty acids with other and sulphimic acid. Dry the ether extract with 
calcium chloride, distill off the solvent .and remove the last traces from the 
residue by placing in hot oven for fifteen minutes and blowing a current of air 
over it from time to time. Dissolve the .acids obtained in 180 cc. anhydrous 
acetone, warm on the water-bath to incipient Imiling, add 20 cc. N caustic pota.sh 
and cool to 15°. Collect the precipitated fatty acids by use of the pump, wash 
with 4 portions of 10 cc. cold acetone, finally dissolve in water and extract from 
the solution the solid fatty acid.s with hydrochloric acid and 100 cc. ether. 
Wash the ethereal extract twice, each time wil.h ItK) cc. water and then .shake 
for five minutes with 15 cc. 30 per cent aqueous solution of lead acetate, sub¬ 
sequently removing the subnatant aqueous layer. Filter the precipitate “ A ” 
of lead soaps from the ethereal solution “B,” first allowing the liquid, if neces¬ 
sary, to stand on a bath at 23° to 25° for one-half hour. E.xamine the jtrccip- 
itate “ A ” for arachidic and lignoceric acid.s, i.e., for arachid oil.f Free .solution 
“ B ” from lead by use of hydrochloric acid and wa.sh till the minerid acid is 
completely removed. Hydrogenate by i)alladium catalyzer till hydrogen is no 
longer absorbed, filter and evaporate the solvent. Treat the residue by frac¬ 
tional crystallization as in the method of separating arachidic and lignoceric acid.s. t 
It the final crystallization gives a substancr: with melting-point .above 71°, the oil 
under examination contains a cruciferous oil. Positive indications arc furnished by 
a melting-point between 70° to 79.° The sensitiveness of the method depends 
upon the care employed in preiraring the palladium catalyzer, and in collecting 
and washing the acid potassium soaps, insoluble in acetone, at 15°. 

A procedure by Kelber § relates to the removal of halogen from 
organic halogen derivatives by catalytic hydrogenation. Kelber notes 
that palladium has been used for the displacement of halogens from 
organic compounds, and it has been found that the reaction in pres¬ 
ence of palladinized calcium carbonate proceeds so completely that the 
hydrogenation proce.ss may be used as a quantitative method for the 
determination of halogens. 

Equally satisfactory results may be obtained with nickel catalysts and in this 
c.ase it is not necessary to recover the catalyst. A special shaking tube has been 
designed for the use of this method for analytical purposes. This vessel is easily 
filled with the catalyst and the halogen derivative can be added subsequently; 
any contact of the liquid and catalyst with rubber connections is avoided and 
the product of the reaction can be quantitatively removed. The catalyst is 
prepared by heating basic nickel carbonate in a current of hydrogen at 310° to 
320° C., cooling, and passing a current of carbon dioxide over the material. 
The catalyst may be kept for a long lime in closed vessels. For each deter- 

♦ Chem. Abs.. 10, 2168. 
t Chem. Abs., 1917, 712. 
t J. S. C. I., 1913, 201. 

jBer., 1917, 305; J. 8. C. I.. 1917, 568 and 1910, 382 aud 1130. 
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EDIBLE HYDROGENATED OILS 

Since the addition of less tlian 1 per cent of hydrogen suffices to 
convert cottonseed oil or other vegetable oils into a fatty body of 
at least the consistency of lard, it follows that manufacturers of 
ordinary lard compound (that is to say, a mixture of about 85 to 
90 per cent of refined cottonseed oil and 10 to 15 per cent or so of 
oleo-stearin) have promptly turned their attention to the production 
of compound by a “ sclf-thickened ” cottonseed oil. 

The high cost * of oleo-stearin prevailing during re(;ent years makes 
the method an attractive one and the hydrogenated product from 
cottonseed oil has the advantage, if properly mad(!, of being very 
stable in character. Unquestionably, also, the hardening process is 
destined to increase the demand for cottonseed oil in the manufacture 
of edible fats. »' 

By the hydrogenation process a lard substitute may be prepared 
in two ways. The entire oil may be simply hardened to the consis¬ 
tency of lard, care being taken to employ an oil as nearly neutral 
as possible to prevent excessive solution of catalytic metal, and to 
avoid a high temperature of treatment so as not to impair the flavor 
of the product. If the color and flavor are detrimentally affected, 
resort may be had to a further treatment with fuller’s earth followed 
by steam-vacuum deodorlzation. The addition of a small amount 
of cocoanut oil benefits the flavor. 

The other method is that of making lard compound which, as indi¬ 
cated above, involves thickening a large proportion of normal oil 
with a small amount of a relatively-hard hydrogenated product. 
This may be carried out as follows: 

After the oil has been hardened, it is freed of catalyzer and then 
may be run Into tanks containing the requisite amount of deodorized 
cotton oil (or other edible oil) and if necessary the mixture is further 
clarified and filter-pressed. With hardened cotton oil of 58 to 60 

• Even though there may exist no marked price differential between oleo-stearin 
and hardened cottonseed oil, yet when, as is the ease, millions of pounds of lard 
compound are made monthly in this country, a reduction in cost of but a small frac¬ 
tion of a cent per pound means an important gross saving. 

319 
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titer, only 7 to 10 per cent is required to thicken the oil to the con¬ 
sistency of lard, although in hot climates a somewhat larger propor¬ 
tion may be needed.* The mixture is run onto a chill roll to cause 
rapid solidification and after slight aeration to improve the color 



Fio. 51. 

is ready to be packaged. Fig. 51 shows a chill roll or lard cooler of 
the type usually employed. 

In this illustration the large upper cylinder or roll is chilled by the 
circulation of brine and is slowly rotated say from 6 to 10 r.p.m. 
The hot liquid compound at a temperature of 50° to 55° C. is run 
into the feeding trough 7 and falls onto the chilling roll, forming 
a thin somewhat translucent film which quickly cools and solidifies. 
The solid fat is removed by a scraper and falls into a picker trough 5. 
The latter contains a shaft equipped with beating and conveying 
blades which churn the composition and destroy the translucency, pro¬ 
ducing an opaque white product of lard-like appearance. The picker 
is run at a relatively high speed, say 175 to 180 r.p.m. Fig. 52 is 
an end view showing chill roll, feeding trough and picker. Fig. 53 
is an illustration of a modified type of compound cooler. In Fig. 54 
the cooler and picker appear on the left hand and in the center is a pump 
which withdraws the product from the picker and forces it through 
the pipe line to the packaging cocks on the right hand. Too high a 

• An object in making lard compound is to use as large a percentage of 
cottonseed oil as possible and yet fulfil the required conditions os to the stiffness 
of the material to withstand warm temperatures without much softening, ('oin- 
pound which stands a moderately warm climate can be made with even as low 
as 6 to,7 per cent hardened oil. 
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speed of the picker likidns inoorporates an excessive amount of air 
in the product rendering it “fluffy.”* 

The speed of rotation of tlie chilling roll i.s governed by the rate of 
feed and temperature of tlie brine. The latter may be kept between, 
for example, —5 to +10° F. for good results. If the brine is too 
cold, the product is liable to drop badly from the roll and the texture 



is not always satisfactory. This, however, may bo largely remedied 
by increasing the feed. In winter the brine may be held at a slightly 
higher temperature to prevent brittleness. In the hottest weather, 
very cold brine should be used to aid in securing a product which will 
preserve its color and consistency for a considerable time. 

When properly made the compound derived by the hydrogenated 
oil thickener is excellent in color, texture, flavor and keeping qual¬ 
ities. By many it is considered superior in several respects to oleo- 
stearin compound. 

* The author desires to make acknowledgment to the Allbright-Nell Co. of 
Chicago and the Brecht Co. of St. Louis for their courtesy in furnishing the illustra¬ 
tions Figs. 51 to 54. 
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Possibly, how('ver, for test results as to stability it is desirable to 
hydrogenate the entire; body of oil to a fatty acid titer of 3G or 38, 
or whatever consistency may be required, rather than to take a rela¬ 
tively small proportion of the oil and harden it to a titer of 50 to 60 



Fia. 53. 


or thereabouts and incorporate with unhydrogenated oil. It appears 
that the hydrogenation of the total body of the oil, by transforming 
the linolcic and linolcnie compounds and the like, has a tenden(;y to 
improve the oil as regards its edibility and certainly gives it greater 
stability. The flavor of lard compound is, however, preferred by 



many large users of lard substitute presumably because of the pro¬ 
portion of normal oil which it contains, and the manufacturing cost 
is lower. 

Finally, it may be stated, by partial saturation of glycerides, we 
have the possibility of preparing from tri-olein the oleo-distearin 
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or the dioleostearin. Dioleopalmitin would give cither oleostearo- 
palmitin or distearopalmitiii. From tri-olein we may have the two 
isomeric oleo-distearins, a- and ^-oleo-distearin as well as a- and 
^-dioleostearin. Which of these we may be able to produce control- 
lably and which may prove best from the edible standpoint are problems 
for the future to solve. 

Joslin* calls attention to the economy in using hardened oil “vege¬ 
table stearin ” in place of oleo-stearin for making lard compound, 
since only 7 to 10 per cent of the former is called for against 14 to 
20 per cent of the oleo-stearin. Of course the amount of hardened 
oil required depends on its ilegree of “ hardness ” but for the prescnit 
grades of hydrogenated cottonseed oil of 58 to 00 titer, now on 
the market, the above proportions hold. W’hen the oil is hardened to 
about the consistency of average oleo-stearin, naturally a greater pro¬ 
portion is needed in lard comjMund. 

Joslin notes the resultant economy by the employment of hardened 
oil at one plant during a period of one year. 


93 parts cottonsood oil at 0.45. $0.00 

7 parts hardonwl oil (vegetable stearin) at 9.25. _ 

Cost per Inmdred iiounds of compound. $6.05 

86 parts cottonseed oil at 0.45 . $5.55 

14 parts oleo-stearin at 9.25. 1.29 

Cost per hundred pounds of compound. . $0.84 


Or a saving of i)ractically 20 cents per hundred pounds of compound 
manufactured. 

Hydrolccithin ha.s been prepared from lecithin by Riedel.f A hard¬ 
ened fat called “Brcbesol” intended for edible purposes is manufac¬ 
tured by the Bremen Besigheimer Olfabriken.t 


Edibility of Hydrogenated Oils 

It seems to be generally accepted by those who have investigated 
the matter carefully that the hydrogenated oils have as desirable a 
degree of edibility as the oils from which they are derived. It is even 
claimed that by destroying traces of certain unsaturated bodies 
thought to be slightly toxic in nature, hydrogenation renders the oil 
better adapted for human consumption. 

• National Provisioncr 1914, 17. 

t Method of Preparing Hydrolccithin. German Patent. Compare Paal and 
Oehme, Bcr., 1913, 1297. 

t Seifen. Ztg., 1914, 263. 
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A question of serious import has, however, arisen in the use of 
nickel catalyzer. Aside from the fact that by careless filtration 
traces of the suspended nickel may be present in the product, there 
is the more serious problem of the actual solution of nickel to form 
nickel soaps which cannot be easily removed. 

According to Bomer,* nickel is dissolved by oils during the hydro¬ 
genation treatment only when the oil contains free fatty acid in 
considerable amounts. A sample of hydrogenated sesame oil con¬ 
taining per cent of fatty acid was found to contain 0.01 per cent 
ash with O.OOG per cent nickel oxide. Whale oil, containing 0.6 per 
cent fatty acid, yielded 0.006 per cent ash and 0.0045 per cent nickel 
oxide. Such an amount of nickel possibly would be regarded as unde¬ 
sirable or objectionable in a product intended for edible purposes.f 

* Zcitsch. Nabr. Genuasra. (1912), 104 and Ghem. Rev. u. d. Fett. u. Harz. Ind. 
(1912), 221. 

t In a diacuasion of Bomer’a paper (loc. oi(..) Lehmann asked whether nickel 
was found in sufficient amounts to make a quantitative determination in hydro¬ 
genated (lib, and Bomer replied that the amount nf nickel wiu" just so much larger 
the greater the amount of free acid in the oil and the longer tlie action of the catalyzer 
on the oil; while Prall observed that the nickel content of luirdened oil depemded 
essentially upon the amount of free acid and that one, should reduce the free fatty 
acid to the lowest possibh^ amount, that with 0.2 per cent free falty acid in the oil 
no nickel had been debicted in the hardened products examined. One could say, 
however, that in 100 grams of oil a fraction of a milligram of nickel is detected. 
Lehmann then remarked that presumably it was to be understood that the presence 
of nickel could not be, avoided and that one-half a milligram of nickel in 100 grams 
of the oil would be a good result, to which Prall replied that this was the case when 
the acid of the oil was well removed. 

Auerbach (Chem. Ztg., 37 , 297) regards the 0.000002 per cent or so of nickel 
which remains in hydrogenated oil to be of no practical moment from the stand¬ 
point of edibility. 

An oil mill in Europe making high-grade peanut oil is now constructing a plant 
for hardening edible oils by a hydrogenation process that is said to afford a product 
free from the objectionable traces of nickel found in most of these oils. The hardened 
oil will be sold to the margarine factories. 

Lehmann stated (Bomer, loc. cit.) that we need have no great concern over the 
utility of this fat or of its physiological action; Straub noted that samples of the 
hardened oil melted at 53° C. and that fats of such high melting point or in fact any 
fat melting above 37° C. were not suitable for persons affected with certain maladies 
of the digestive tract. Lehmann remarked that the work carried on in the Voit labo¬ 
ratory indicated high melting point fats to be injurious, but considering the way 
hardened fats arc made, apparently the means wore at hand to make the melting 
point high or low at will; that fats which were to be eaten must not, of course, have 
a melting point of 58° C. Bomer added that he was of the opinion that hardened 
fats were not as beneficial as oil, but that was not the question. The widespread 
use of edible oils depended on the fact that edible fats must have a certain measure 
of consistenoy. Maiguine melting at 20 degrees required but a slight addition of 
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The use of nickel in the form of an oxide, or the use of nickel catalyzer 
containing a considerahlc! proportion of oxide, is perhaps undc'sirable 
from the point of view of solubility in oil. Nickel, in the metallic 
state, cannot combine with a fatty acid to produce a soap, except 
wdth the elimination of hydrogen, and in the presence of an atmosphere 
wholly of hydrogen, because of mass action, such reaction would nut 
be likely to take place. On the otlier hand, nickel in the form of 
oxide would yield water on comljining with fatty acid wdiich would be 
yielded practically into a vacuum as regards the vapor pressure of 
water. Hence in the manufacture of products intended for cdil)le 
purposes it is suggest(Kl that conditions b(! maintained such that the 
catalyzes, if of the nickel type, is preserved almost wholly in the 
metallic state. Also it is desirable to not force the reaction too 
rapiilly with the consequent danger of breaking ilown the carboxyl 
group and setting free water which would react to produce fatty acid.* 

a fat iiielt.in'!; at .TO degrees. It was not, therefore, a question of the iiHilting point 
of till' hardoiKHl oil, but of the melting point of the margarine or oilier edihlc fat 
ard ihe hardened oil was employed simply to adjust the melting point, the same way 
as beef tallow and the like were uso<l. 

A synopsis of Boiner’s paper (Z. Nahr. Oenussm., 24, 104-1M) appe.aring in 
Chemieal Abstracts, Nov. 10, 1(112, 3201, concisely cx])rcs30s his work. Samples 
of iicanut, sesame, cottonseed and wdiale oil w'ero hardened. The analyses of the 
resulting products indicat.o that the more completely unsaturated fatty acids (oleic, 
linolenie and linolcie) are converted into stearic with increase in the nioltiug point 
and the lowering of the iodine number, while the saponification number i.s scarcely 
altered. The iodine number of the liquid acids seems to indicate that the le.ss satu¬ 
rated acids arc more rapidly converted into stearic than is oleic. The partially 
saturated products resemble lard in color, taste and odor, while those obtained by 
further hardening ore very similar to beef or mutton tallow. O'hc ordinary constants 
of the hardened peanut oil arc so similar to those for lard that it is very difficult to 
distinguish it from hog fat, but the phytostcrol of the 3 vegetable oils investigated 
was not affected by the treatment, so that the phytostcrol acetate tost may bo 
relied upon for the detection of these artificially hardeneil fats when they arc used 
as adulterants for lord, margarine, etc. Cottonseed oil, after treatment, no longer 
gives the Halphcn reaction, but sesame oil still responds to the Baudouin test. 
Where nickel is the catalytic agent traces of it will be found in the finished product 
if there were any appreciable amount of free acid in the original oil. Bomcr con¬ 
cludes with a brief report of preliminary work on the sterco-chcmistry of the glycer¬ 
ides formed and the requirements which the new product will have to meet to be 
acceptable as a human food. 

* Bouant (La Galvanoplastie (1894), 186) makes the comment that after having 
considered nickel as dangerous in the preparation of food, it is now recognized, 
on the contrary, to be harmless. Langboin (Electro Deposition of Metals (1909), 
246) observes that hot fats strongly attack nickel. (Trans. Am. Electrochem. 
Soc., 23, 116 (1913).) 

In the course of some investigations by Gates fJ. of Phys. Chem. (1911), 15 , 
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The investigations of various authorities, such as Lelmann, Tlioms 
and Muller liavc sliown tliat hardened oils used for edible puri)oses do 
not cause any derangemcait of tlic system and that they are tile complete 
equivalent of animal and vegetable fats of like melting point.* Hydro¬ 
genated fats arc used just like ordinary fats and do not hinder the 
assimilation of other food constituents. The nickel content on a daily 
consumption of 100 grams of the hardened fat is stated to amount 
at the most to O.G mg. and may be regarded as entirely uninjurious. 
Hardened fat possesses extremely good keeping qualities, and tins is 
probably also the case with margarine prepared from it.f Leimdorfer 
ob.serves that hydrogenated fats change in odor and color when pre¬ 
served even in a vacuum.+ 

A careful study of tlie occurrence of nickel in edible products of 
various kinds has been made by Normann and Hugel.§ Hardened 
fats prepared with the aid of nicked catalyzers, and intended for edible 
purposes, contain traces of nicked which they state amounts to two 
])arts per million. But fats which have bc'cn trciated in nick(d-lined 
receptacles show fully this content of nickel. Nickel-lined ware has 

97) it was observed that many of the common metals are dissolved appreciably by 
oleic, palmitic and stearic acids, with evolution of hydrogen. 

The Bureau of Animal Industry of the Department of Agriculture is investigat¬ 
ing the matter and apparently intends to determine the relative digree of l.oxieity 
of the traces of nickel in the form existing in improperly made hydrogenated oil. 
We may add that, so far as can be lusccrtainiHl, the Department looks kindly upon 
the advent of hydrogenated oil in view of the likelihood that it is destined to prove 
a very acceptable substitute for higher-priced animal fats and does not propose, 
according to our understanding, to venture any ruling until the matter has had 
protracted scrutiny. 

The editor of the National Provisioncr comments on the foregoing as follows; 

“It is evident that the government investigations have resulted favorably, since 
stearine made by this process is recognized and pa.s3ed by the Bureau in meat inspec¬ 
tion, the only requirement being that it shall be stated on the label that it is ‘ Steorino 
made from cottonseed oil’ to indicate that it is manufactured stearine rather than 
the natimal article.” Editorial note in National Provisioncr, Dec. 27, 1913. 

• Thompson notes that some criticism has been directed at the use of hardened 
oils for edible purposes on the ground that nickel is used in the process, but the 
manufacturers say that although nickel is generally used none of it is left in the oil, 
and that even if it were it is harmless, as shown by many tests with animals and 
with human “ poison squads. ” Consular & Trade Reports, Dept, of Commerce, Jan. 
14,1914, 171. 

• See also “Gehartete Pflanzenfette in der Speisefettindustrie,” Der Seifen- 
fabrikant, 1914, 181. 

t Halbmonatsschr. f. d. Margarine-Ind., 1914, No. 4, 37; Seifen. Ztg., 1914, 200. 

t Seifen. Ztg., 1913, 1317; J.S.C.I., 1914, 206. 

§ Seifen. Ztg., 1913, 959. 
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been in use for ten years or more and during this period many people 
have eaten foodstuffs containing nickel, without any injurious effects 
being noted. Two publications have already discussed the matter 
to some extent, one being by Ludwig * and the other by Lehmann.f 
In one kilo of various foodstuffs these investigators found the follow¬ 
ing content of nickel; 

Ludwig 

Spinach. 

lY'as. 

Lentils (acid). . 

Lentils (boiled) . 

Sourkraut . 

Plums . 

Fruit, cooked in 2 j)er cent 
ac.<‘tic acid solution .. 05-07 

Water, salt water, Hesli 
extract and milk.3.5*-5.3 


. 25-27 mgs. 
. 12-16 " 
35 “ 
24 “ 
.5F-129 “ 
35 “ 


Lehmann 

Beef and Ijouilbn.2&-C4 mRs. 

Potato ])ulp (equal part 

of water).20-40 

.Siiinach ... , ... 22.4 

Damson plum mixture. .. 13.3 

Sourkraut. 


The wliole question appeared of sufficient importance to lead Nor- 
mann and Hugel to repeat this work. They used a nickel kettle to 
Iirepare the food material and ignited the protiuct in a silica vo.sscl 
to obtain the content of ash. Hydroehloric acid was then added to 
the ash and tlie niekel determined by Tschugaeff’s reagent.j In this 
manner tlie nickel was dt^termined gravimetrically in all ca.scs, with 
the exception of coffee. In this latter ease a colorimetric comparison 
with a nickel solution of known content was made. 

Thus Normann and Hugel found; 


Duration of Mgs. of nickel 

cooking, lu one kilo of 

boure rmiteriul 

Cnffoo. i 0.03 

Apple. 1 4G 

Cabbage. } 83 

Red cabbage. 1 C7 

Sourkraut. IJ 127 

Kohlrabi. 1 19 

Potato. J 80 


One of tfiese investigators used, a kettle of this character for a 
considerable period in his household. The food for the use of the 
family was cooked in the kettle so that food with a nickel content, 
approximating that of the above tabulation, was eaten, but no ill 
effects were observed. 


• Osterr. Chem. Ztg., Vienna, Vol. I, No. 1, 1898. 
t Arch, fur Hygiene, Vol. 68 (1909), 421. 
t Zeitsch. f. angew. Chem., 1907, 1844. 
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The determination of nickel in fats was made by igniting 200 grams 
of the fat in a silica vessel, dissolving the ash in hydrochloric acid, 
saturating the solution with ammonia, filtering to remove any pre¬ 
cipitate of iron or alumina and evaporating the filtrate. To the 
residue was added 1 cc. of Tschugaeff’s reagent (alcoholic solution of 
dimethylglyoxime) and ammonia (when a rose coloration due to nickel 
occurs). To determine the nickel quantitatively, the whole residue 
was dissolved in 100 cc. of water and the coloration compared with 
the color produced by adding the reagent to solutions of nickel chloride 
of known content. To sccun; a constant shade it was found desirable 
to allow the .solution as well as the standard to stand for some time, 
usually over night, before final observations were made. 

Of seven samples of hardened cottonseed oil examined, four samples 
contained 0.03 mg. of nickel in one kilo. One sample showed a rela¬ 
tively high content, 0.075 mg. of nickel; while the remaining samples 
contained 0.02 mg. of nickel. Palm kernel oil showed a content of 
nickel ranging from 0.017 to 0.1 mg. of nickel per kilo, averaging 
around 0.02 mg. Thus it will be noted that the nickel content of 
the,sc fats is only about one-thousandth part of that found in foods 
pr(q)arcd in nickel kettles, and when one consider.s that fats generally 
are not used for edible purposes, by themselves, but simply as additions 
to other foods, the amount of nickel furnished by hydrogenated fatty 
material amounts to so very little that the consumption of such food 
year in and year out may be regarded as harmless. 

Even in fats intended for technical purposes, the amount of nickel 
is small as compared with that found in the food materials above 
mentioned, as for example: 

Nickel in one kilo 


Hardened fish oil . 3.3 mgs. 

Hardened fish oil. 1.2 mgs. 

Hardened fish oil. 3.2 mgs. 

Hardened eottonsced oil. 0.85 mgs. 


Meyerheim* notes that oils which arc to be hardened for edible pur¬ 
poses should be washed with alkali to remove fatty acid in order to 
reduce the tendency to solution of nickel by the oil; also that care 
should be taken in filter pressing to completely eliminate the particles 
of nickel catalyzer. 

The propriety of using, for edible purposes, low-grade fats which 
have been deodorized and cleansed by hydrogenation has been made 
the subject of considerable debate, Bohm states t that when Mege 

* Fortschr. Chem. Phys. and Phys. Chem., 1913, 305. 
t Seifen, Ztg. (1912), 1087. 
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Mouries was working on the production of artificial butter it was far 
from his mind to use low-grade fats which had been purified by chem¬ 
ical treatment and that Boudet prescribed only fat of the best quality 
obtained from cattle slaughtered on the same day. Later when Huet 
claimed to make an edible product by thorough treatment of bad 
tallow with aluminium chloride solution, the margarine industry was 
hit a severe blow; for after such a proposal the opponents of artificial 
butter sought and with good results to prejudice the public against 
margarine. 

Although to-day in a margarine establishment there is to be found the uttermost 
cleanliness as regards the plant, Hohm states that this is not true of the raw material 
before it comes into the hands of the margarine manufacturer. Even though, he 
declares, development of oil hardening may mean a great advanoc technically, it 
is eouphsl with sudi an opportunity for the employment of low-grade raw materials 
that it is likdy to cau.se an.\iety on the jrart of the public. In particular Bohm 
refers to the utilization of hardened fish oil in the margarine industry in which 
application technically it appears entirely suitable. Hardened fish oil, ho states, 
is to be sure a ohemically-changed, coin|)letely bacteria-free product; and physio¬ 
logically is uninjurious. If, however, according to Bohm, we are to sanction the 
chemical treai.ment of fish oil, this would establish an important precedent for the 
application of all sorts of by-iiroduct fats and cadaver fats. When Hofter, together 
with other e.'iperts, formulated for the margarine industry the restriction that only 
those fats should bo used which had been obtained from animals slaughtered under 
insjiection, every consumer as well as every manufacturer of margarine was affected. 
With the inauguration of margarine manufacture from fish oil Bohm further states 
it apjiears not iniiirobablo that conflict with the present laws will arise. 

Bohm refers to the assertion of Loock regarding rmovaled butter to the effect 
that no person who realizes the unpleasant properties of the original material would 
buy such liutt.er, a statement, says Bohm, which can certainly aiijily equally well 
to whale oil margarine. Loock also cites a decision to the effect that no doubt 
exists that a food product is to be looked upon os unfitted for consumption when 
the raw material possesses a loathsome nature, irrespective as to whether the material 
through chemical treatment has been freed from such undesirable properties. 

As to the loathsome nature of whale oil, Bohm asserts that one need only note 
the character of the methods employed in obtaining it in order to appreciate its 
undesirable nature. He maintains that a great part of the carca-sses of whales are 
allowed to stand days at a time before they arc worked up. Bohm indignantly 
declares the proposal to make an edible fat out of half-rotten whales which are 
treated in the hovels of the natives must naturally excite disgust. Perhaps, he 
says, a manufacturer of artificial butter may be able to use hardened fish oils in 
spite of the pure food laws, but may yet come into contact with the criminal courts, 
for when one buys margarine he expects to obtain freshly prepared beef fat and not 
a chemically-changed fish oil. 

While this contention of Bohm may not be sound in some respects 
it is noted hero for the sake of completeness. Naturally such an 
attack against a new and promising use for whale oil has not passed 
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unnoticed. See rejoinder by Lieber in Seifensieder Zeitung (1912), 
1188, and editorial comment adverse to Bohm, also the opinion of 

Keutgen.* 

An oil which has been used so extensively by phy.sicians all over 
the world as a remedial food for children Lieber believes cannot be 
looked upon as unsafe for human consumption. He calls attention 
to the hardy nature of the Eskimo whose principal or sole food is the 
blubber of the whale and seal. Furthermore, he contends that if 
the carcasses of whales were allowed to decompose, the oil which 
resulted would he; of low grade and the pecuniary loss would be con¬ 
siderable. By the present system as soon as a whale is harpooned 
it is hoisted aboard tlie whaling ship and immediately rendered, the 
several grades of oil obtained being pum])ed to separate tanks. Every 
effort is made to produce the maximum yield of No. 0 and No. 1 oil 
because of tlie relatively high prices these bring. 

Until seven years ago there was only a limited demand for whale 
oil, which was mainly used for the production of glycerine and fatty 
acids. It is now hydrogenated, for soap-making purposes, but in 
Offerdahl’s opinion hardened whale oil is suitable for food. With 
regard to the traces of nickel present in the hardened oil, experiments 
showed that when small amounts of nickel powder were taken daily 
no ill effects were experienced, and that 99.8 per cent of the metal 
was rapidly excreted from the system. Hardened whale oils were 
found to bn free from bacteria.f 

The Halbmonatschrift f. d. Margarincindu.stric (Dusscldorf) diaciussos the ciues- 
tion of the prohibition of the use of whale oil in the edible fat industry (Seifen. Ztg. 
(1914), 30) and from this discussion the following is noted,} — Ever since the dis¬ 
covery was made of preparing an odorless and tasteless fat from whale oil by the 
hardening process it has been taken for granted in those circles which arc antago¬ 
nistic to the further development of the margarine and artificial edible fat industry 
that hardened fish, seal or whale oil could be used in the preparation of butter sub¬ 
stitutes. This suspicion was all the greater because of the increase in the last few 
years in the cost of moat of the raw materials used in the margarine industry. It 
has been customary for the agricultural opponents of butter substitutes to condemn 
tire raw products from which these products arc obtained and in this way to seek 
to make this indispensable article of food repulsive to the consumer. But in recent 
years the knowledge that margarine practically does not influence the price of 
natural butter, and therefore does not enter into competition with it, has gained 
some little headway. Dr. Vieth, Director of the Dairy Station in Hameln (an 
authority in his line) has acknowledged this to be a fact. If the margarine docs not 

* Seifen. Ztg. (1014), 89. 

t Offerdahl, Ber. (1913), 558. 

} See glso the views of the Deutsche Margarine Zeitschrift (Seifen. Ztg. (1914), 

118 ). 
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harm the butter indastry, the bottom is taken out of the agitation which has been 
going on for over a decade against the niamifaclure of substitutes. In spite of 
this (Molkerei Zeitung, lOUf) sjjaee has Ixs-n lent anew b> the suspicion that the 
raw materials used in the production of margarine cannot bo entirely without effect. 

Edible fats, such as hardened palm-kernel oil, cottonseed oil, etc., which have 
recently been introduce<i into the manufacture of margarine are thoroughly tested 
by government officials and scientific experts. The saspicion that infectious raw 
materials might be utilized can therefore apply only to the possible use of hardened 
whale and seal oil. In order, however, to prevent the spread of this idea and in 
order thereby to prevent a new danger to the butter substitute industry, the Ducssel- 
dorfer Margarine Zeitschrift suggests a legal prohibition of the use of whale oil in 
the edible fat industry. 

It is suiiposed that the official foodstuff investigators will eventually aid this 
proposal. Its neoe.ssity is shown by the fact that an effort has been made from 
foreign countries to induce Gorman margarine factori&s to use whale oil. The 
suggestion that well-known and reputable margarine factories have already started 
to us(' whale oil has been shown to be without foundation and is thought to be 
out of the que,stion for the future. In order that no margarine made from whale 
oil may reach the Gorman consumer because of unscrupulous manufacturers (and 
in that way the good name of a product which has been established only after many 
years of effort be lirought into ill repute) but one remedy can be suggested: the 
prohibition of whale oil for food purjioses. The trade journal of the margarine 
industry jjoints out that sueii a value is placed by all clas.ses of society upon mar¬ 
garine that t he thought of ut ilizing any raw material repulsive to individual consumers 
ought to moot with vigorous opposition. It is evident from the editorial comment 
•at the close of this article that the Seifensieder Zeitung is not in accord with the 
drastic views expressed in the foregoing.* 

On the subject of hydrogenated edible oils but little has appeared 
in the literature.t A number of patents discuss various products and 
methods of preparation. 

An edible oil composition is described by Ellis J: comprising hydro¬ 
genated cottonseed oil and coeoanut oil, the mixture being beaten 
witli air to improve tlie color of the product. The following formula 
and method of treatment are given: Ninety parts cottonseed oil are 
mixed with ten parts of coeoanut oil and the mixture subjected to the 
action of hydrogen at a temperature of from 150° to 160° C., in the 
presence of finely-divided nickel so as to convert a large proportion 
of the unsaturated into saturated material. A solid composition is 
produced which is then subjected to aeration which may be carried 
out by beating the hydrogenated product with rapidly revolving 

• Further comment by Keutgen on the same subject appears in Seifen. Ztg. 
(1914), 171. 

t In an article on “Hydrogenated or Hardened Fat,” appearing in the National 
Provisioner, Sept. 27, 1913, 104, Hall observes that hydrogenation is one of the 
greatest advances ever made in the fat and oil field. 

t U. S. Patent 1,037,881, Sept. 10, 1912. 
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paddles until a sufficient quantity of air is incorporated in the product, 
in a finely-vcsiculatod condition to produce a material of the proper 
consistency and light colored appearance. .Another stat('ment * gives 
details of a hydrogenated butter substitute in which various hydro¬ 
genated and normal oils are incorporated to make a fat approximating 
the melting point of butter, with which is mixed milk, etc., to produce 
a variety of margarine. These compositions should ordinarily have 
a melting point considerably less than the temperature of the human 
body, so that when the material is taken into the mouth, it immedi¬ 
ately melts and docs not leave a greasy sensation on the tongue and 
walls of the mouth. It is generally desirable to carry the hydrogena¬ 
tion treatment to a point where a product of rather firm consistency 
is secured. This produces a material, however, which is of too high 
a melting point for the production of a vegetable butter composition. 
Hence it is then pressed to remove the ox<!essivc amount of stearin. 
In the case of cottonseed oil, it is statcKl that it is desirable to hydro¬ 
genate until the iodine number falls to about 80. The oil may then 
be cooled to about 30° (1., and allowed to stand for a time and pressed. 
Afterwards it is warm<xl to rendtn it entirely fluid, and is incorporated 
with milk material. Suitable mat(?rial of this character is ordinary 
full milk or skim milk or butter-milk, sterilized milk, sour milk or 
milk which has been specially fermented. Coloring mat(Tial, such 
as ordinary butter color, may tw added. Also a flavoring compound, 
such as cumarin and various esters and aldehydes, such as those of 
Valerian and capryl bodies, may be added. In ortler to give the prod¬ 
uct the property of browning, when heated in a skillet, bodies such 
as egg yolk, milk sugar, lecithin or finely-powdered casein may be 
introduced. 

A suitable oil base having been derived in this manner, the oily 
material is emulsified with the milk material to thoroughly mix the 
latter with the fatty body. For 100 parts of fatty material about 
30 to 60 parts of full milk or perhaps 50 to 80 parts of skim milk are 
suitable proportions. In the summer months a stiller composition is 
required than in the winter months and the fatty material should be 
compounded to give a material melting at the proper point with 
reference to seasonal temperatures. In emulsifying it is desirable 
to put a portion of the milk in the beating apparatus, and to stir for 
a short time. In the case of full milk, beating for 10 minutes or so 
causes a separation of the butter fat. The oil may then be added in 
portions, beating thoroughly until the composition is well incorpo¬ 
rated. The remainder of the milk and fatty material may be added 
♦ Ellis, U. S. Patent 1,038,545, Sept. 17, 1912. 
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from time to time, and the temperature of the mixture should prefer¬ 
ably be maintained between 30° and 40° C. When the composition 
has become thoroughly incorporated, it is run from the apparatus into 
a cooling device which cools the emulsified composition rapidly. It is 
then ready to be rolled and kneaded to remove the excess of water, 
etc., after which treatment the material is formed into the desired 
shape for shipment. The coloring material and salt and also flavoring 
material may be added during the emulsification process if desired. 

The use of hardened oil in preparing oleomargarine compositions 
is the basis of French Patent 458,011, of 1913, to Deveaux. 

Hydrog(!nated soya bean oil * has Ixien recommended, as well as 
hydrogenated vegetable oil and animal fats mixed to form lard-like 
jiroduets of varjdng composition. When employing cocoanut oil in 
.such compositions it is desirable to hydrogenate it. To be sure, cocoa- 
nut oil usually has an iodine value of only 7 to 10, which is indicative 
of the small proportion of unsaturated bodies present. But, in spite of 
this, in order to secure a permanent produ(!t, which does not separate 
or grow lumpy on standing, and which remains in a perfectly neutral 
condiiion for a long period of time, even w'hcn expo.se(l to the air, it 
is desirable that the iodine number of the cocoanut oil should be 
reduced to practically zero, if larger proportions than 30 per cent or 
thereabout are incorporated with hydrogenated soya bean or cotton¬ 
seed oil. 

An edibl(! product of a superhydrogenated character f is obtained 
by carrying the degree of hydrogenation beyond the actual titer re¬ 
quired and then pre.ssing to remove some of the harder material so 
that the final titer of the expressed fat is that of lard, butter or what¬ 
ever other titer may be required. Most oils of a vegetable nature 
and some animal oils contain from traces up to considerable quantities 
of highly-unsaturated bodies, including those of the linoleic and lino- 
lenic group. These and other similar bodies are very sensitive to 
oxidation and lend instability to edible oil products of this character 
by their tendency to change chemically and thus alter the flavor of 
the material. These bodies may be saturated by very careful hydro¬ 
genation up to the degree of consistency required in the edible prod¬ 
uct, but such hydrogenation is difficult to carry out commercially on 
a large scale with the as.surance that the product will run uniform in 
quality. By saturating these bodies with hydrogen to an excessive 
degree as regards final consistency, these bodies lose their identity 
and become substantially free of odor of origin and tendency to rancid- 

* Ellis, U. S. Patent 1,047,013, Dec. 10, 1912. 

t Ellis, U. S. Patent 1,058,738, April 16, 1913. 
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ify or otherwise be decomposed. By hydrogenating cotton.seed or 
corn oil or similar oils to materially reduce the iodine number, the 
more son.sitive double bonds are saturated with hydrogen and thereby 
eliminated and oxidation tendency is reduced to a minimum. Ap¬ 
parently the complete elimination of all the doulfle bonds character¬ 
istic of the linoleic type is more difficult than the removal of the double 
bonds characteristic of the linolenic type, so that control over this 
seeming selective action during hydrogenation when saturating up 
to a given degree of con.sistcncy from a given oil is difficult, if not 
impossible, undo^r ordinary conditions of hydrogenating. If, however, 
the oil is overhydrogenated so that a more consistent fat is acejuin'd 
than is actually desired for an edible product, the unstable bodies 
thus may be completely transformed. In order to secure the degree 
of consistency desired the hot hydrogenated fat is gradually cooled 
to about 30° fh, when the teiiipcrature may be maintained between 
25° to 35° V., or so for several hours to induce crystallization or ball¬ 
ing of the high melting point compounds. The mas.s is then pressed 
to the desired degree. Such a superhydrogcnatetl pressed product 
which may be made either of buttcr-like or of lard-like consisten(\y 
is stable in storage and is not liable to coagulate on sbinding with 
the formation of objectionable masses of granulous stearin-like 
bodies. 

It has been noted when a vegetable oil such as cottonseed oil is 
hydrogenated directly until of the consistency desired that on cool¬ 
ing frequently it tends to granulate unless chilled or very rapidly 
cooled. This is objectionable in culinary operations as an initial 
lard-like body after once heating and slow cooling in the air often 
forms relatively hard granules of stearin-like bodies which look like 
little balls of coagulated material and separating as they do from the 
fluid oil under some circumstances give the product the appearance of 
having curdled or decomposed. By super-hy<lrogenating and press¬ 
ing to the point required the granulating stearins or stearin-like bodies 
are eliminated to a greater or less extent and less easily crystal¬ 
lizing or non-granulating stiffening bodies remain tending from their 
amorphous texture to better maintain the original consistency and 
appwsBce of the product in repeated culinary use. 

The Boyce process * of producing an edible compound consists in 
preparing a mixture of synthetic stearin by the action of hydrogen 
in the presence of a catalyzer upon a previously unsaturated oil or 
fat, the latter being subjected to the catalytic action of hydrogen to a 

• Boyce, U. S. Patent 1,061,254, May, 6,1913, assigned to the American Cotton 

oaco. 
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(l(5groo sufficient to convert tlie required fraction of the oil into syn- 
thetic stearin. The hydrogenation i)roces.s is arrestial at the point 
when th(! stetirin is fo\ind to be prestmt in the amount of about 
20 per cent of tin; entire l)ody of the oil. Boyce statew that by arrest¬ 
ing the action at this point there will remain a mixture of the unsatu¬ 
rated oil and the synthetic stearin produced by the hydrogenation 
of a portion of the oil. 

A hydrogenated fatty food product containing hydrogenated corn 
oil has been described.* When corn oil is suitably hydrogenated, a 
product is derived which has the projjerty of improving the stability 
of hydrogenated cottonseed oil or similar hydrogenated oils which 
tend to granulate'. Also it is stated (hat hydrogenated coeoanut oil 
may be used as a fluxing agent for cho(!olatc in the manufacture of 
confect iouery. The melting point of the fatty flux should preferably 
be about 90° to 100° P. Hydrogenated coeoanut oil ok'in may be 
used in a similar maimer, fl'he manufacture of the coating of choco¬ 
late' creams calls for a relatively high melting point fat which incor¬ 
porates rc'adily with chocolate and does not impair its flavor. Cocoa 
butter is especially desired on this account, but is relatively expensive. 
Coitoanut oil melts so easily that in hot weather candies made with it 
soften very quickly when handled. Coeoanut oil also has a tendency 
to rancidify. By hydrogenation of an oil assimilable with chocolate 
the exaid mi'lting point desired may be obtained and a stable compo¬ 
sition secured. 

Hydrogi'iiated oil of high titer, as stated, may be mixed with un- 
hydrogenated oil to form a body of a consistency suitable for u,s(^ a,s 
a substitute for lard. For example, hydrogenated cotton oil of a titer 
of say 52° C. (fatty acids) may be melted and incorporated with four 
tiim« its weight or so of ordinary refined or deodorized cottonseed 
oil so as to form on cooling a white, opaque fatty material of the con¬ 
sistency of ordinary lard. The product ma<ie in this manner is not 
always sufficiently stable. Not infrequently in a short time it will 
lose its opacity to a considerable degree and will take on an appear¬ 
ance more suggestive of petrolatum than lard. Sometimes this change, 
which may be due to a tendency to- form solid solutions of certain 
types, occurs irregularly in layers or isolated zones which give the 
product a curious mottled appearance, and this striated effect taking, 
place in the containers during storage so changes the product, physically 
at least, that it is regarded as damaged or unfit for use by those accus¬ 
tomed to the normal appearance of lard. By disseminating through 
a fatty basis of a melting point and consistency approaching that of 
• Ellis, U. S. Patent 1,067,978, July 22, 1913. 
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lard, a quantity of fatty material of higher titer so as to form floccula¬ 
tions of a high titer product uniformly disseminated through the 
fatty basis, a product of l)etter “ color stability ” is s(;curod.* The 
material of the relatively higher tit(!r may be denominated the stabilizer 
and the proportions of fatty basis and stabilizer as well as their melt¬ 
ing points and titers may be varied to meet various conditions of a 
climatic nature. 

Ab an illustration one may take to make the fatty ba.sia, 0 parts of hydrogenated 
cottonseed oil of a titer ranging between 52° to .54° C. (fatty aeid.s) and 34 parts of 
refined and deodorized eottonseetl oil. A thoroiigh mixture is scoured by the aid 
of heat and when well incorporated the melted product is chilled rajndly in a thin 
layer by feeding onto a chilled roll which is kept in constant rotation and from which 
the solidified product is removed in layers by a scraper. This jiroduct when prop¬ 
erly set has a consi.stency approaching that of ordinary lard. The stabilizer is pre¬ 
pared by incorporating 3 parts of hydrogenated cotbjn.seed oil of the same tit(*r as 
that used in making the fatty basis, with 5 parts of refined and deodorized cottonseed 
oil. By heating the hardened oil with the deodorizetl oil the requisite mixture is 
obtained. As in making the fatty basis, the stabilizer is likewise chilled to form a 
solid, preferably in thin layers, and the two products are mixed in powerful mixing 
apparatus until the stabilizer is well disseminated through the fatty basis. To 
secure a desirable distribution both the fatty basis and the stabilizer may be fed 
onto the same chill roll in a series of adjacent or alternate streams, or the fatty 
basis may be allowed to fall on the chill roll, and when it has progressed a distance 
sufficient to solidify but not to stiffen it fully, the stabilizer is ajiplied as a super¬ 
posed coating adherent to and slightly intermingk'd at the contacting surfaces, 
wdth the fatty basis. This eomixjsite film is removed by the scraper and is then 
“pugged” or beaten. As the melting point of the stabilizer i.s iireferahly consider¬ 
ably higher than that of the fatty basis, the former congeals more quickly, so that 
although the superposed film is somewhat insulated from the chill roll by the fatty 
basis film yet the solidification of the upper layer is usually rapid enough to prevent 
material solution or interfusion of the two heterogeneous layers. 

Further modifications are the following: Eighty parts of cottonseed oil are mixed 
with fifteen parts of hydrogenated oil of a titer of 48 (fatty acids). This is ciiilled 
and mixed with five parts of melted 42° C. titer hydrogenated or liard oil, or fat. 
Likewise one can superpose on a basis of 34 to .38 titer about 20 per cent of 40 to 
42 titer. Cottonseed oil may be hydrogenated to 37 titer, chilled as described and 
similarly incorporated with about 10 to 20 per cent cottonseed oil hydrogenated 
to 40 to 42 titer. Thus there may be obtained a lard-like or otherwise consistent 
fatty material having its main titer to a considerable degree influenced so that the 
product may have the desired soft consistency of ordinary lard while actually con¬ 
taining bodies which if melted into the fatty basis would raise the melting point 
and consistency. 

Palm oil, suitably hydrogenated, has been recommended for use 
in edible fat products, t 

• Ellis, U. S. Patent 1,070,331, Aug. 12, 1913. 

t Ellis, U. S. Patent 1,087,161, Feb. 17, 1914. 

The fatty acids of Kaya oil have been hydrogenated by Ueno (Chem. Rev. u. 
d. Fett u. Harz. Ind. (1913), 209) who thereby obtained fatty acids melting at 
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Wilbuschewitsch * regards his process as applicable to the treat¬ 
ment of all unsaturated acids and their glycerides, as well as for 
waxes and other alcoholic fatty substances. From castor oil there is 
obtained a product which melts at 83° C. The finished fat can be 
hydrolyzed and the fatty acids distilled. For example, from cotton¬ 
seed oil there may be obtained fatty acids which melt up to 71° C. 
and make excellent candles. After suitable refining the products 
may yield satisfactory alimentary fats it the reduction is only carried 
so far that the melting point is between 28° and 34° C. Thus he 
finds from castor oil there may be made a product which is odorless 
and tasteless but retains the other properties of castor oil. So also 
from cod liver oil and other fish oils there may be made butter substi¬ 
tutes, or from vegetable oils substitutes for cocoa butter. Oils treated 
by the process lose their specific odor.f 

It has been shown by Erlandsen, Fridricia and ElgstromJ that hardened whale 
oil is eminently snitalile as a Iminan food Experiments were made with the whale 
fat m eomi)arisoii with butter fat 'Die app.arent digestibility ranges from 91,fi 
t.o 9} 0 per e(mt for the,se two fats and the dilTerenee betwren butter and whale oil 
does not, e,xc,eed 0,9 jier cent A nmrgarinc containing 22,8 per cent of the whale 
oil was used in an institution whore 250 people were fed, A physician who was 
in constant, attendance reported favorable results, 

.\ ,sampln of butter fat examined by Amberger§ contained only 2,4 per cent of 
triolein By fractional rrystallization of the glycerides of hydrogenated butt,or fat, 
it was found that the olem had not been converted into tristearin, but into a mixed 
glyceride ’I'he greater part of tb<' oleic, acid in butter fat is therefore present as a 
mixed glyceridi' and not as triolein. Butyric and caproic acids are also present as 
mixetl glycerides: tributyrin and tricaproin could not be i,solat,ed from the fat, 
Hutyrodiolein, biityro- palmito-olein, and oleodipalmitin are present, ns is shown 
by analysis of the glyceride.s isolated from the alcohol-soluble, portion of hydro¬ 
genated butter fat, Amberger has also isolated another glyceride, m,pt, 67,9° C,, 
from butti'r fat; this glyceride yielded a mixture of fatty acids, m,pt, 55,5° C, (See 
page ills,) 

65,5° C. The hydrogenation of the material was carried out in alcohol solution using 
platinum black as a catalyzer, Kaya oil as employed for edible purposes is liquid 
and yellow in color. 

• U. 8, Patent 1,024,758, April 30, 1912. 

t The keeping properties of some hardened oils examined by Knapp (Analyst, 
1913, 102) were found to be remarkably good. .41though prepared nearly a year 
and a half previously, and having often been exposed to damp air, yet these samples 
showed no signs of rancidity. The acidity (0.7 per cent as oleic acid) did not appre¬ 
ciably change during the period of observation. 

tTidskrift Kern. 1918, 15 , 109; Chem. Abs. 1918, 1793. 

§ Z. Enters. Nahr. Genussm., 1918, 35, 313; J. S. C. I., 1918, 558A. 
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EDIBLE HYDROGENATED OILS—Continued 

Wesson * observes that one of the latest contributions of the 
chemist has been the hydrogenization of fatty oil which converts 
it into a solid fat by the introduction of hydrogen into the molecules 
of the unsaturated acids. This enables the manufacturer of cooking 
fats to turn out compounds consisting entirely of vegetable fat. 
which are fast displacing the mixtures of oil with animal fats for¬ 
merly employed. By the new process of hydrogenation wholesome 
edible fats of the consistency of butter and lard are now produc^ed 
entirely from what normally will probably continue to be our cheapest 
vegetable oil, namely, cottonseed oil. 

A. H. Gill t discusses the subject of hardened oils in their various 
applications. Concerning edible products obtained by hydrogenation, 
he observes that 

It is claimed for them that they can be heated hotter (to 455“ P.) without 
smoking than ordinary fat: this cooks the outside of the food more quickly and 
prevents the grease from soaking in. Consequently it is less greasy, more 
digestible, dry and crisp. Another advantage is that no odor is absorbed; fish, 
anions and potatoes can be cooked successively in the same fat. Another claim 
is that one-fourth less is used of these fats than of butter; further that it is all 
fat, while butter contains 5 to 16 per cent of water. 

Gill also notes that hydrogenated vegetable oils seem to offer a satisfactory 
substitute for animal fats to those who object to the latter from prejudice or 
religious scruples. 

EQimont and Mayer J consider the chief objections against the use 
of hydrogenated fish oil in the manufacture of margarine are that 
the production of the crude fish oil is not under proper control, 
that the disagreeable odor may reappear when the product is kept 
for a long time, that the hydrogenated oil may contain small quan¬ 
tities of nickel, and that it has a higher melting-point than any of 
the fats hitherto used for foods and hence would probably not be 
easily digested. 

* J. In(J. Eng. Chem., 1916, 277. 

t Science Conspectus, Mara. Inst. Tech., 1915, Vol. V, No. 4. 

i Z. angfeW. Chem., 1914, 27,645; J. S. C, I., 1915.148. 
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Klimont and Mayer were unable to detect nickel in hydrogenated oil exam¬ 
ined by them; hence this teat could not be relied upon for the detection of 
hardened fish oil in oleomargarine. The following test is proposed: 2 to 3 g. 
of the sample is melted, and dissolved in acetone to a total volume of 50 cc. 
After standing for twelve hours at the ordinary temperature, the crystals which 
separate then arc filtered off, dried and weighed. Oleomargarine yields 12 to 13 
per cent of crystals of M.P. 45° to 47° C. In the case of artificial mixtures of 
oleomargarine with hydrogenated fish oil and rape oil, the portion crystallizing 
from acetone was, in all cases, considerably greater than 12 to 16 per cent, which 
may be taken as the limits for genuine oleomargarine. It was possible by this 
test to detect 3.5 per cent of hardened fish oil when this was added, together with 
5.5 per cent of rape oil, to olcmargarine. 

Initially, Bontouz statea, edible peanut, cotton, sesame and sun¬ 
flower oil were hardened for use as edible fats in margarine manu¬ 
facture but with the perfection of the hydrogenation process, lower 
grade oils including No. 0 and No. 1 whale oil were hardened.* 

A plea for the prohibition of hardened whale oil in oleomargarine 
is made by a number of German margarine concerns,! who base 
their petition on the inedible character of the original oil. 

Bergius ! notes that a careful survey of the applicability of 
hardened fats for edible purposes fails to discover anything objec¬ 
tionable in such products. 

The food value of hydrogenated oils has been studied by Pekel- 
haring and Schut.§ White rats and mice, and a dog, were used in 
these experiments. The fats fed were hydrogenated whale, peanut, 
sesame and cottonseed oils. Frequent determinations of the fat 
content of the feces were made, and the general condition, changes 
in weight, etc., of the animals noted. The investigators conclude 
that these fats are not only harmless, but may well find applica¬ 
tion as human food and that they give best results when mixed with 
natural fats, as lard. 

Thoms and Muller |j have made an extensive study of the chemical 
and physical properties and physiological action of peanut, cotton¬ 
seed and other oils which have been altered by the hardening 
process so that they have a higher melting-point. Feeding experi¬ 
ments on man and animals indicate that they are harmless and are 
to be considered as useful articles of diet. 

Holmes and Lang have published a paper entitled “ Fats and 

* Matiftres Grasses, 1914, 4194; Siefen. Ztg,, 1914, 987. 

t Seifen. Ztg., 1914, 604; Margarine Industrie, 1914. 

t Seifen. Ztg., 1914, 728. 

JPharm. Weekhlad, 53, 760-85. 1916; Chem. Aba., 1916, 2758. 

II Arch. Hyg., 84, 56-77, 1915; Chem. Abe,, 1916,1642. 
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their Economical Use in the Home,”* in which they refer to the 
edible grades of hardened vegetable fats. They state that hardened 
oils used in this field are generally white in color, have no appre¬ 
ciable odor or taste and are less likely to become rancid than the 
original oil. They also state that a number of these fats marketed 
under a variety of trade names have proved popular and appear 
to be of quite wide application. It is obstirved that the hardening 
process may be of special value in the future utilization of some oils 
like fish oils which because of objectionable flavors or odors arc not 
entirely suited for edible purposes in their natural state. 

Estabrook t advocates a product for edible purposes, consisting 
of wheat flour mixed with comminuted hardened oil. 

This product, when made into a dough by the addition of milk or water, and 
baked, is shortened by the pre-sence of the hardened fatty material. 

The shortening agent Estabrook states is made aeeorciing to the following 
process: cottonseed oil is first heated and nickel salt is added thereto. Hydrogen 
is then conducted into the oil, and the heat is continued and mass the stirred 
constantly. The nickel salt acts as a catalyzer, cattsing the oleic acid of the oil 
to take up hydrogen, whereby it is changed into stearic acid. When the process 
of hydrogenation has progre.ssed far enough to give the ma.ss the desired hard¬ 
ness, which is ascertained by making a litre test, the melted fat is filtered off 
from the nickel and allowed to cool. The product thus olhaincd is sinted to he 
much harder than natural hard fats, and due to the changes produced by the 
hydrogenation process it will keep for an indefinite length of time without 
becoming rancid. This, Estabrook ex]>Iain3, as due to the fact th,at the linolein 
of the oil, which tends to produce rancidity, is changed by the process into 
stearin. Freedom from rancidity he states is also due in a large measure to the 
fact that the hardened oil contains little or no olein, [)raetically all of the oleic 
acid of the oil being converted to stearic acid by the process described; and any 
palmitin which may be present is unobjectionable for the rea.son that this is 
a solid and lends itself readily to the preparation of a dry-shortening flour. 

The hardened oil is finely ground and mixed with flour. For the purpose 
of making biscuit or a similar product Estabrook states that about 12 lb. of the 
comminuted hardened oil should be mixed with 200 lb. of flour. The product 
may be sacked or barreled, for shipping purposes, and, as indicated above, may 
be kept for an indefinite length of time without material deterioration, baking 
powder also may be added to the flour, as well as seasoning, so that for cooking 
purposes it is only necessary to make a dough of the product by adding milk 
or water, rolling it into a relatively thin mass and then cutting into biscuits and 
baking. For making pie crust, or similar types of pastry, Estabrook recom¬ 
mends the amount of hardened oil added to the flour to be about 24 lb. to 200 
lb. of flour, and the leavening agent to be omitted. In making ordinary baker’s 
bread the proportion is about 5 lb. of the comminuted hardened oil to 200 lb. 
of flour. 

* Bulletin No. 469, Department of Agriculture. 

t if. S.-C. I., 1914, 1218; U. S. Patent No. 1,117,012, November 10, 1914. See also 
Nos. 1,276,607, 1,276,608 and 1,276,509 issued August 20, 1918 to Ellis. 
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Kohman, Godfrey and Ashe employ hydrogenated fats in the raan- 
faeture of bread.* 

A shortening effeet equal In value to that prodticcd l>y relatively large quan¬ 
tities of liquid oil is stated to he obtained by the employment of a hard fat, 
which also permits the. use of sufficient water not only to supply the amount 
required for giving stiffness and springincas to the dough, but to supply, in the 
baked loaf, the quantity recognized as desirable for imparting to the bread the 
e.xpected freshness and flavor. The employment of the hard fat as the shortening 
agent is likewise found to add to the keeping qualities of the loaf, in the sense 
that even after the loaf has lost its original frt'shness, it lacks the rancidity 
frequently met with in ordinary bn^ad which has been kept, under the same con¬ 
ditions, for the same period of time. For the present purpose they use as the 
shortening agent, a hard fat of cither vegetable or animal origin,—as, for instance 
hydrogenated edible vegetable oil (hydrogenated cottonseed oil), hydrogenate, 
('diblo animal oil, or oleo-stearin. Kohman, Ciodfrey and Ashe give preference 
to the use of hydrogenated cottonseed oil, or other hydrogenated vegetable oil 
of an edible character, for the stated reason that such oils are relatively cheap, 
and can bo hydrogenated or hardened up to a high melting-point readily and 
(ionveniently. Thus hardsmed cottonseed oil having a melting-point of 67° C. 
is well adapted for shortening jmrposes. 

Tc. incorporate the hard fat. of high melting-point into the dough batch it is 
desirable to bring the former first into intimate adniKturc with flour. This may 
be effected by melting the hard fat and heating it somewhat above its melting- 
t,emperature and then mixing the flour therewith. The heating and mixing opera¬ 
tion may be carried out in a rotary drum, having a heating jacket, and provided 
wit.h stirrers. The temperature should lie maintained, during the mixing opera¬ 
tion, above the melting-point of the fat, go that the flour shall not chill the mass, 
or the flour may he preheated, for the same purpose. It is found that under 
these conditions a quantity of flour equal in weight to from 6 to 10 times the 
weight of the melted fat will absorb the fat, and that the flour will retain its pul¬ 
verulent condition. The procedure involves heating only a relatively small 
quantity of the flour. Thus, if 1 lb. of hard fat is to be added to a dough 
batch containing 880 lb. of flour, it will suffice to absorb the fat in 5 to 10 lb. 
of flour, in the manner described, and it is found that in the subsequent mixing 
and kneading of the dough batch, the shortening thus added to the relatively 
small amount of flour will be uniformly distributed throughout the entire mass. 
This feature avoids heating the entire mass of flour up to the temperature of the 
small portion which has absorbed the fat. 

The hard fat may also be incorporated with the flour in the manner following: 
The melted fat heated to a temperature of 200° C. and upward may be supplied 
from a suitable melting and heating receptacle to a discharge pipe from which 
it may be ejected, at a correspondingly high temperature, in the form of a 
fine spray or cloud, by a jet of air into an inclosed chamber. Into this chamber 
the flour may be sifted, and on coming in contact with the highly heated par¬ 
ticles of fat sprayed into the chamber, take up the fat. The flour thus impreg¬ 
nated with the melted fat remains in a pulverulent condition, after cooling, and 
is available for use as a part of the flour ingredient of the dough batch. In 


• U. S. Patent Nos. 1,204,280 and 1,204,281, November 7,1916. 
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this case it is found that by mppatlng the nhsnrblnR operation a number of 
times, upon the same body of flour a quantity of flour from five to ten times the 
weight of the fat is sufficient to afjsorb the fat and yet remain in a pulverulent 
condition. 

It is found that, with equally good rcaulfs as to color, texture and expansion, a 
quantity of the melted fat incorporated with the flour in either of the ways de¬ 
scribed may he employed of approximately one-twentieth the weight of the cotton¬ 
seed oil used ordinarily in making up the dough batch. Thus, in those instances 
where from 2 to 3 per cent of cottonseed oil (calculated, by weight, on the 
amount of flour employed in the dough batch') was used, one-twentieth of that 
percentage, by weight, of hydrogenized cottonseed oil having a melting-point of 
57° C. may be used, resulting, it is claimed, in like shortening effects with the 
production of a atiffer and springier dough; the viscosity of the dough being 
maintained, even though the absorption is increased, and the resultant baked 
loaf having an amount of moisture sufficient to give it satisfactory freshness and 
flavor. 

Fats of a melting-point as low as about 35° C. can be used and the advantages 
incident to the use of the hard fats secured, although to a somewhat lesser degree 
than when the shortening agent consists of the higher melting fat without appre¬ 
ciable admixture of liquid fat. Even when fats of a melting-point as low as 
35° C. are employed, the amount of the shortening agent in proportion to the 
flour of the bread is but a fraction of the amount of liquid shortening agent 
required for producing the same shortening effect and need not exceed 5 lb. of 
fat to 880 lb. of flour and bread. Fats of higher melting-point require a cor¬ 
respondingly loss proportion by weight of fat to flour to produce the same 
shortening effect, and, when the melting-point of the fat approximates 57° C. 
the amount of the fat may be diminished to say 2 lb. of fat to 880 lb. of flour 
of the bread. In fact, the higher the melting-point of the fat, the less quantity, 
in proportion to the flour employed, will be required to obtain a baked loaf of 
satisfactory shortness, moisture-content and keeping qualities. 

In a modification of the process of making a shortening composi¬ 
tion * Kohman, Godfrey and Ashe, heat flour to 200° C. or higher 
and atomize hydrogenated oil by means of a jet of air into the flour. 
To secure this admixture, the flour is sifted in at the top of a cham¬ 
ber into which the atomized oil is being introduced and on coming 
in contact with the colder particles of flour the hydrogenated fat is 
taken up by the flour. The latter remains in pulverulent condition 
after cooling. By repeating this absorbing operation a number of 
times upon the same body of flour, the latter will take up from 
one-tenth to one-fifth of its weight of the fatty material and yet 
remain in a pulverulent condition. As shortening material, this 
powder may be admixed with the requisite amount of flour and 
other materials used in making bread, thus introducing the shorten¬ 
ing in a Mmi^e manner. 

Hydrogenated oil in the form of a powder is suggested by AUdn- 

* U. S. Patent No. 1,242,883, and 1,242,884, October 9,1917. 
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son * as a shortener. Corn oil is hardened to a melting-point of about 
148° F., and is ground in a mill having eooled rolls to give a fine powder. 
During the pulverization the temperature of the fat should be kept below 
its melting-point. The powder is stated to be particularly useful as a 
shortening composition for cereal baking products as it may be added 
to the flour or dough in definite quantities in lieu of lard, butter, or other 
solid or liquid shortening material and is more easily mixed with flour 
and dough than ordinary shortening fat or oil. 

An edible product containing hydrogenated oil and carbohydrates 
in the form of a powder or as a solid cake is described by EUis.t 

A shortening and leavening composition employing hydrogenated 
oil is suggested by Holbrook J who finds it possible to incorporate 
the components of baking powder with thickened cottonseed oil to 
produce a composition which is stated to be stable and which, when 
mixed with flour and water to form dough, will serve both to shorten 
and leaven the mass. 

The cottonseed oil is thickened to the desired consistency in any suitable 
manner, but, preferably, by partial hydrogenation or by mixing it with from 
0 to 10 per cent of hydrogenated eottonseed oil. Such a fat, it is asserted, will 
not become rancid and does not, as an animal fat or lard appears to do, more 
readily acquire rancidity when admixed with leavening ingredients. The fat 
should be quite free from water, and baking powder or leavening materials, are 
intimately mixed therewith, either by stirring the leavening ingredients into 
the melted fat or mixing with the cold solid fat in a mixing machine. The fat 
and leavening materials are employed in such proiwrtions that when the prepare^ 
tion is mixed with about eight parts by weight of 8our and with sufficient water 
or milk to form dough and the mass baked, the product is properly shortened 
and leavened. Common salt for seasoning may l>e mixed into the preparation 
so that the baker need only add the composition to flour and water or milk to 
form the dough. Since the baking powder is embedded in the body of lard-like 
fat it does not easily absorb moisture from the air and hence retains its gas- 
producing capacity indefinitely. The baking results attained are said to be 
superior to those effected by separately mixing the shortening and baking powder 
in the dough in the ordinary manner. The explanation offered is that the 
baking powder ingredients are embedded in the shortening fat and the develop¬ 
ment of the leavening gas is, for that reason, diminished or retarded in the cold 
dough, and hence more of the leavening act'on occurs when the dough is exposed 
to the heat of the baking oven. For this reason also, the preparation is consid¬ 
ered to be more economical since by its use a smaller amount of the leavening 
agent is required. Thus, if baking soda is used in the preparation as the source 
of the leavening gas, the amount needed to properly leaven a given quantity 
of flour is stated to be about 25 per cent less than is ordinarily required, and 
the amount of baking acid required to react with the soda is likewise reduced. 

*U. S. Patent No. 1,231,114, June 26, 1917. 

t U. S. Patents Nos. 1,278,607, 1,276,608 and 1,276,609, August 20, 1918. 

t U. S. Patent No. 1,210,940, January 2, 1917. 
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The leavening ingredients recommended are sodium bicarbonate and finely-pul¬ 
verized acid phosphate such as mono-calcium or mono-sodium phosphate. Acid- 
phosphate, particularly mono-calcium and mono-sodium phosphate, are inexpensive 
and efficient baking acids, but they alworb atmospherii; moisture and must, therefore, 
be espeeially prepared for use in ordinary baking powder. Thus, in a stable baking 
powder, mono-caleium phosphate should be used in granular form (i.e , such that it 
will not pass thro\igh a 15G-ineah sieve), rather than in pulverulent form (i e , such 
as would pass through a 20{)-me8h sieve). But, since the leavening ingredients 
are embedded in a body of shortening fat, fincly-pulverulent acid phosi)hat.cs can be 
employed in Holbrook’s preparation without detriment to its keeping qualities 
and with advantage in the baking results athiincd. Like the acid phos})hate, the 
sodium bicarbonate and salt employed may be finely pulverized and dried. 

In preparing the coini)osit!on, the materials and proportions by weight are, 
for example, as follows: 

Thickened cottonseed oil.7 parts Mono-calcium phosphate .. 1 25 parts 

Sodium bicarbonate. 1 part Salt. Ipart 

The leavcming and scjisoning ingredient-s aru drii'd, finely pulverized iind inti¬ 
mately mixed with th<‘ thickened cottonseed oil either in the hot or cold state. 
The proportions given are such that. 1 part by weight of thi‘ inq^rovetl ])repara- 
tion will be sufficient to properly shorten and k'avcm dough e.ontaining S parts 
by weight of flour, which is stated to lie the proiwrtion in which common animal 
shortening fat or lard is generally us^al. 

Burchanal * prepares a food compound closely simulating lard in 
its physical and chemical characteristics, consisting of a mixture of 
an oil and a harderting agent produced by hydrogenizing an oil or 
liquid fat. 

In its most desirable form, the product is a vegetable one, consisting of a 
mixture of about S5 per (xmt of cottonwed oil and 15 per cent of hydrogenized 
cottonseed oil. In the manufacture of this product, oil is hydrogenized, by vig¬ 
orous agitation in a closc‘d vessel containing an atmospliere of compressed hydro¬ 
gen, a catalytic agent, such as kieselguhr impregnaUMl with finely-divided nickel, 
being maintained in suspension in tlie oil and the charge being heated to a tem¬ 
perature of about 155® C. The oil is thereby (tonvertA)d into a white or yellowish 
solid, containing additional hydrogen about 5 to (> jxir cent more than in the 
nonhydrogenized material, having a saponification value of about 190, an iodine 
value of about 20, a melting-point of about 50® C., and a titre of about 55® C., 
giving no reaction for cottonseed oil under the Halphen test. Suitable propor¬ 
tions of the hydrogenized and hardened oil and of the non-hydrogenized oil 
are now thoroughly mixed or blended. In case about 15 per cent of hydro¬ 
genized cottonseed oil and 85 per cent of non-hydrogenized cottonseed oil are 
thus mixed, the final product is stated to be n white or yellowish semi-solid, 
having a saponification value of about 195; an iodine value of about 95; a 
melting-point of about 42® C.; and a titrti of about 3G° C. 

In ease a harder hydrogenized stock is used, its proportion may l>c corre¬ 
spondingly reduced. For example, if the oil used for hardening is hydrogenized 
• U. S. Patent No. 1,135,935, April 13, 1915. 
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to an iodine value of 8 or 9, approximately 10 per cent of the hardened material 
are stated to be required to yield a mixture having physical constants approxi¬ 
mately as above specified. 

Btu'chanal * produces an incompletely hydrogenated lard-Iiko fat 
from cottonseed oil, with the stated object of providing a new food 
for a shortening in cooking, in which the liability to become rantdd 
is minimized, and in which the components of such vegetable oils 
which are inferior and detrimental to use; as such a food produtL 
have been, to a large extent, converted into a higher and more 
wholesome form. 

All such vegetable oils contain glycerides of unsaturated fatty acids, and 
among these, notable quantit.ie,s of fatty glycerides of lower .saturation than 
oh'in. Oxidation i.s largely tlie cause of rancidity, which oxidation weakens 
the fat. at the point, of absorption at the double bonds, anil the.se glycerides of 
lesser saturation readily absorb oxygen from the air at ordinary temperatures, 
while the more highly saturated glycerides, a.s olein, only absorb oxygen at 
elevated temperaturoa. It. is evident, Burchanal observes, that oils or fata con¬ 
taining notable quantities of glyixirideK of linolic aci<l,or of lesser aiiluration, arc 
distinctly inferior as an edible product to those containing a minimum of these 
gb’ceiidea with a larger per cent of olein. On the other hand, while it is im¬ 
portant to get. rid of the readily oxidizablc glycerides of lower saturation it is 
also iinpori.aiit not to siqiply too large a iH>r cent of fully saturated glycerides. 
The saturated glycerides of the arachidic, stearic, palmitic and other groups 
are stated to be of very small value for shortening, inasmuch as it. is t.he liquid 
fats which contribute tins value to the material. Baturate.d fats, however, serve 
l.hc F>ur()Osc, of congealing the shortening within the foixi, and t.hus retain it 
equally distributed throughout the whole. Oil, liquid at the ordinary tempera¬ 
tures is not regarded as making the best shortening, becatisc the oil remains 
liquid, keeping the food in a soggy condition, and the oil will even settle to 
the under jiart of the cooked product. Moreover, fate of a melting-iioint above, 
the temperature of the, human body, 98° F., are not so digestible as fats which 
arc liquid at this point, or which have a melting-point below 98° F. Burchenal 
therefore endeavors to change the chemical composition of the oil (cottonseed) to 
obtain a product with a high percentage of olein, a low percentage of linolin and 
the lesser saturated fats, and with only sufficient stearine to make the product 
congeal at ordinary temperatures. 

Hydrogenation is, therefore, stopped when the oil has been converted into a 
jiroduct which cools to a white or yellowish semi-solid resembling lard. In 
many respects, it is claimed, the product is superior to the best leaf lard as a 
shortening. It is not so liable to lieramic rancid and the product can be heated 
to a considerably higher temperature than lard without smoking or burning. 
The high temiicrat.uro to which the pnxluct can be raised without smoking or 
burning is stated to make the product ideal for frying as a crust forms almost 
instantly on the food fried, which ])rcveiite any absorption of the shortening. 
Burchanal gives data on the analytieal constants of the product. A lard-like 
product thus prepared from cottonseed oil has a saponification value of about 
* u. s. Patent No. 1,135,351, April 13, 1916. 
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195; and an Iodine value ranging from about 55 to about 80. The product 
having an iodine number of 55 has a titre of about 42° and a melting-point of 
about 40° C.; that having an iodine value of 80 has a titre of about 35° and 
a melting-point of about 33° C. While but partially hydrogenized, containing 
from about 1.5 per cent to 2.5 per cent of additional hydrogen more than in 
the non-hydrogenizcd material, it shows no free cottonseed oil when subjected 
to the Halphcn teat. It contains from 20 to 25 per cent of the fully saturated 
glycerides, from 5 to 10 per cent linolin and from 05 to 75 per cent olein, and 
an average of a number of samples gives 23 [xw cent of saturated fats, 7.5 per 
cent linolin and 69,5 per cent olein, while the cottonseed oil before treatment 
contained 37 per cent linolin and 40 per cent olein. 

Walker* proposes a method of making fatty food products which 
consist in partially hydrogenating un.siiturated compounds of vege¬ 
table or animal oils and fats, by any method and arresting the 
operation at a pi'cdetermined point short of saturation and wliere 
the consi.stcncy of the product is alK)ve or below that of a given oil 
or fatty body, and then incorporating with the partially hydro¬ 
genated body an unhydrogenated oil or fatty body to produce a 
product of the desired consistency and having the characteristic 
flavor desired. For example, purified cottonseed oil is hydrogenated 
until the action reaches a point where the stearine produced amounts 
to alwut 22 per cent of the oil treated, there remaining about 80 
per cent of unsaturated oil. These proportions may vary with wide 
limits, depending on the consistency of the final prodinh desired 
and the nature of the subseqiamt additions. To the hydrogenated 
product freed from catalyzer, oily lard is added, preferably by 
means of incorporating rolls, the quantity being sufficient to give 
to the hydrogenated product a lard (ronsistency. 

The process is stated to be equally applicable to making butter 
substitutes, the manufacture of coatings for chocolate creams, con¬ 
fections and the like. 

Walker considers it is important that the liydrogenatiiig action be 
carried to a point affording a consistency above or below that of 
the final product, and then to secure the desired consistency by 
incorporation of a suitable oil or solid fatty body, thereby securing 
the benefits of the added body as a hardening or softening agent 
while retaining its desirable flavoring characteristics unimpaired. 
In general, the hydrogenating action may vary between a product 
which is soft and greasy to a solid, but for the preparation of lard 
and butter substitutes the hydrogenating action should afford a 
product containing about 18 to 22 per cent of stearine. 

• U, 8. Patent No. 1,206,954, December 6, 1916. 
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At the Institute of Hygiene in Wurzburg, the Director, K. B. 
Lehmann has busied himself witli the tiue.stion of th(! edibility of 
hardened oil * and in particular to answer the questions; (1) In the 
hardening process does the fat take up (luautities of nickel which 
would be injurious? (2) Docs the product exhibit any abnormal 
characteristics as viewed from the chemical standpoint? and (3) How 
well fitted is the hardened fat for human consumption as evidcnceil 
by the effects produced by it on aniimils and on men when taken as 
an article of diet? 

An analysis of several samples of hardened oils showed l.hat nickel was present 
in amounts ranging from O.I milligram tn 0 milligrams per kilogram of fat. In 
cottonseed oil, for example the amount of nickel present was about 0 5 milli¬ 
gram per kilo. This means that in 2,()00,()00 ])art,s of the fat, hut one part of 
nickel is present. Lehmann has shown that food prepared in niek(‘l vessels 
contains from 11 to 04 milligram.s of nickel per kilo and that by the use of such 
nickel vessels in the pn'paration of foodstuffs as much jus 117 milligrams of nickel 
may lie consumed in a day’s ration. In a s(‘ries of tests made with animals, 
from 0 to 10 milligrams of nickel per kilogram liody weight of the animal, were 
fed ff'r a period of 200 <iays without injurious cfTeets. In tests iiaidc on man, 
u}> to I to 2 milligrams of nickel per kilogram body weight were consumed 
without injury. No case luis been reported of acute or elironio nickel poisoning 
du(i to the general use of ni(!kel v(‘ks<*1s in the hous<‘hold for the jin'pjiralion of 
food. Assuming the extreme e^se of a consumption of 100 g. }M*r day of hard¬ 
ened fat, the eonl(*rit of nickel in this amount of fat would b(* O.G of a inilli- 
gnun when taking the fat having the maximum per cimt of nickel. Under 
ordinary cori<liiioiis the amount of nickel would be uIhiuI 0.1 of a inillignim per 
day, which, in comparison with the jicasiliility of consuming over 100 milligrams 
of nickel per day in food cooked in nickel-coated vessels, is indeed a wliolly 
insignificant amount. 

A chemical examination of the liardened fat (prepared from peanut, sesame 
and cottonseed oil) did not disclose anything prejudicial from the hygienic 
standpoint. 

After having secured these results from the ingestion of niokcl and finding 
that no injurious effects were detectable when nickel in vastly larger amounts 
than found in hardened fat was daily consumed, Ijehinanii directed his atten¬ 
tion to the continued action of the hardened fat itself, first on animals jind then 
on man. 

For a period of five months, 50 g. t)f the fat were daily fed to dogs of body 
weight 4 to 8 kilograms and the suitability of the fat as a foodstuff determined 
from this standpoint. The results were entirely favorable. Lehmann then 
l)egan a series of tests of the fat on memliers of his own and other families. In 
three families 7 lb. of hardened fat per month were used over a period of sev¬ 
eral months duration without any ill results. In his own family the product 
has been used regularly for six months and no criticism can be found against 
the fat. In summarizing his work, Lehmann concludes from theoretical and 
practical investigations that hardened fat is a most rational and desirable fatty 

♦ Chem. Ztg., 1914. 798. 
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food and n'pirds it as a most valuable iiiaU;ruvl to use in the production of 
oleomargarine. 

Vuk offers,* as a paidial explanation of th(‘ divergc'nt views of * 
various anthonti(\s foncoriiing the harmful effects arising from the 
use of nickel utensils for cooking and containing foods, certain 
n^sults showing that various forms of nicked are dissolved i)y dilulx^ 
a{uds with different degrees of facility. 

By heating se])aratc })ortu)ns of 700 vc. of 5 per cent, awtie acici hn* 2] hours 
on a water-bath togetla'r w’ith c*af*h of the difTerc*ni kinds of nickel of wl)ich 
exactly 10,800 sq. min. were expowd to the action of the acid in ea<di (\‘ise, 
the following amounts of nickel wen' found to have been dissolved, result.s 
i>eing expressed in mg. of nickel per sq. dm. of surfiur: Kolled ease 

25.5'2<H.S, electrolytic I10.0-30.S, dmwn and Berntiorf “Hein Nickel*’ 

01.4-05.4. 

As rcgartls the use of ni(;kelware in the preparation of food 
Gheorghiu f boiled ordinary stilt pickles and meat with water and 
salt two hour.s in a nickel dtsh, the resulting products (pickk‘s, licjuid, 
fat and meat) wore (‘xamined for metal with the following results: 
pickles 107.4 mg., juice 135.6 mg., fat 16 mg., and meat 0.0 mg. 
p(‘r kg. substaiK^e. 

An edible product comprising edible fatty hydrogenated material 
free from catalytic metal is mentioned in IJ. S. Patent to Ellis 
No. 1,007,308, May 10, 1014. 

A method of increasing the glycerine content of oils and fats is recommended 
by NaanUooze Vennootschap Ant. Jurgens Vereenigde Fabrieken t which consists 
in heating the fatty material with glycerine in the presence of a finely-divided 
metal oxide, such as alumina, thoria or titanium oxide*. It is .supposed that 
bodies of this character exert a catalytic action under these conditions. By 
the treatment, the triglyceride is convert.ed to a greater or Jess degree into mono- 
or diglyceride. Glycerine enrichment has been found to improve the flavor of 
many oils, such us cod liver and castor oil. 

From cottonseed oil a product <;ontaining a considerable proportion of digly- 
ceridc was prepared as folIow^s: 

One hundred parts cottonseed oil, 10 parts glyix^rine and 3 parts alumina were 
heated for one hour at 250® in an enamelled receptacle fitted with a mechanical 
stirrer. To avoid oxidation a slow current of hydrogen was passed through the 
apparatus. At the eml of three hours the exce® of glycerine was removed by 
washing with water. 

Before such treatment, the oil exhibited n saponification value of 189 corre¬ 
sponding to a glycerine content of 10.3 per cent. The acetyl number was 12. 
After the treatment, a portion of the oil was acetylated and 1 g. of the acety- 
latcd product was naponified, calling for 263.5 milligram potassium hydrate. 

* Z. Nahr-Genussm. 28, 103-4 1914; Chem. Abs., 1915, 109. 

•f Ber. phurm. Gea,, 24, 303, 1914; Chem. Al«i., 1916, 487. 

J Seifen. Ztg., 1914, 1092; Cemmn Patent No. 277,641, May 26, 1914. 
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From this is deducted the acetyl value found, leaving 251.5 milligrams potassium 
hydrate, corresponding to the total hydroxyl groups of the glycerine present. 
This is equivalent to 13.75 per cent of glycerine or 3.45 per cent more than was 
present in the original oil. If calculated to diglyceride, the content of the 
latter would amount to 66 per cent. In another test, 100 parts sesame oil, 
12 parts glycerine and 10 parts comminuted kieselguhr were heated to 230'^ 
under eonditions similar to those employed with the cotton oil. After heating 
for three hours, the ])roduct was cooled and washed with warm water. 


Saponification value of the original oil. 191.2 

Glycerine content corresponding. 10.5 

Acetyl number. 11.5 

After treatment and acetylation 1 g. oil reejuired.. . 259.9 mg. KOH 
Deducting acetyl number. 11 5 


284.4 

This result corrc-sponds to a glyoorine content of 13.59 per cent equivalent 
to 60 per cent diglyccridc. 

It is stated that the formation of glyceride by heating fatty acids and gly¬ 
cerine is already known as also tlie fact that mono- or diglyceridcs form on 
hentitig a triglyceride with glycerine. The use of a contact body to enable the 
reaction on triglycerides t-o be (^fTccted expeditiously at temperatures between 
200® to 250" is the indicated improvement. 

A pamphlet entitled “The Present and Future Peril to Our Com¬ 
merce and Industry,” by Dr. Hugo Schweitzer, discusses the devel¬ 
opment of methods of converting waste into edible fats. Schweitzer 
states: “ Germany imported from us (U. S.) altogctlicr $2.1,000,000 
worth of fats, principally lard, for culinary purposes. Tlie inter¬ 
ference with our seaborne commerce through the action of the British 
Navy has suspended our trade with Germany in this commodity.” 

“ Fortun.at,eIy for Germany, but unfortunately for us, a modem development 
in the fat and oil industry has provided her with means to utilize materials which 
hitherto were unfit to eat. 

“ By the so-called method of hardening fats and oils—that is, by treating 
them with hydrogen—they are not only converted from the chearier liquid 
into the higher-priced solid form, but their taste and odor are so improved that 
they might serve for culinary purposes, while without being subjected to the 
hardening process, they could not possibly be thus employed. Even the various 
grades of fish oil can thus be rendered available as food materials. Germany 
cannot possibly be cut off from the supply of these oils. The fisheries of the 
Baltic and the North Sea, of Norway and Sweden would place an inexhaustible 
and cheap source of fats and' oils at the disposal of the German people, to whom 
an opportunity is thus afforded to remain forever independent of the import of 
edible fats from the United States. 

“ By this hardening process even the waste fata (foots) obtained in r^ning 
can be utilized not only for soap making, but also for foodstuffs. In short, by 
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suitable treatment with hydrogen, all oleaginous matter may be converted into 
edible substances.” * 

Utilization of Fish Oil 

It is reported by J. Ind. & Eng. Chein. (1918, 487) that authorities in Germany 
have prohibited the supply of herrings to the trade except with the heads removed 
in order that these may be utilized for the production of oil, albumen and phos¬ 
phate of lime. Fish offal is now utilized in Gennany to produce food for human 
beings as well as for animals. Offal collected from fish preserving factories, res¬ 
taurants, etc., is dried and, after the extraction of the oil, ground. The meal so 
obtained frequently contains 50 per cent and upwards of allmincn and phosphate of 
lime, the latter being obtained from the lionea and heads. By chemical methods, 
the albumen is extracted from the fish meal and rendered available for human 
consumption. From the oil phosphate of lime for animal fodder is obtained by 
means of benzine, benzol, and other fat solvents. The oil is also used for various 
technical purposes. Specially good kinds can be hardened by hydrogenation and 
rendered suitable for jiroduction of eatable fat. The hardened fat looks like tallow 
and is obnost odorless. | 

After determining that corn oil is an economic substitute for olive 
oil, Dean L. E. Sayre, of the Kansas University School of Pharmacy, 
Lawrence, Kan., is reported by the Soap Gazette & Perfumer 
(1915, 99) to be expciimcnting to determine whether it is a satis¬ 
factory substitute for lard. Some of the liquid oil, which is heavy 
and brown, was hydrogenated. In this condition it appeared white 
and about the consistency of cocoa butter, and melted at the tem¬ 
perature of beeswax. Dean Sayre believes that the hydrogenated 
oil can be used in place of lard, the dietetic value of the oil being 
claimed to be as great as that of either olive oil nr cottonseed oil. 
The patented frying mediums are stated to be hydrogenated cotton¬ 
seed oil.J 

The Proctor & Gamble Company have erects, at Hamilton, Ontario, a plant 
for the manufacture of Crisco, and will also operate glycerine and cottonseed 
oil refineries for their Canadian trade, llie Crisco building is similar in con¬ 
struction to their Ivorydale factory, the inner walls being of white glazed brick, 
the air circulation undergoing a constant process of purification.! 

A method of purifying hydrogenated fats is described by Joslin.Tf 

It is stated that hydrogenated fats contain fatty acids and other bodies which 
effect the taste and odor and also certain readily oxidizable components which 
may be removed by treatment with denatured alcohol or wood spirits. A 
volume of alcohol approximately equal to the volume of the fat taken is agitated 

♦ From an address delivered before the German University League, New York City, 
February 3, 1916. 

fLeimdorfer refers to the fat-hardening process in connection with the edible field. 
Scifen. Ztg., 1915, 344.' 

X See also Lackey and Sayre, J. Am. Phorm. Assoc. 6, 348. 

! Amcr. Perfumer, 1915, 104; Soap Gasette. 1915, 224. 

^ XJ. S. Patent No. 1,1$2,023, August 31, 1915. 
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with the latter while mainf,iiining the mixture in a fliiid eondition. As low a 
temperature as is poaaiblc is employed, in fimt, just stiffieient to maintain the 
proper degree of fluidity of the fat. A fiinall amount of aI<«>hol, ordinarily from 
3 to 5 per eent, dissolves in the fat while the impurities and objectionable sub¬ 
stances dissolve in the alcohol. The alcohol with the dissolved substances is 
removed by decantation and the alcohol taken up by the fat is removed by dis¬ 
tillation. This step is preferably followed by a further treatment consisting in 
passing steam or inert gas through the fat. The refined substance is allowed to 
cool in an atmosphere in inert gas. In some cases more than (>ne treatment 
with alcohol may be required to secure the required degree of purification. 
1 he purified hydrogenated fat is stated to l>e characterized by containing a 
relatively inappreciable proportion of free fatty acids and a relatively large i>ro- 
portion of combined fatty acids, and by being free from impurities, unsaponifiable 
bodies, rancidity-tending oxidized products or other bodies of an unstable nature. 

For refining hydrogenated fats to prodnoe edible products, Wil- 
buschewitsch * removes the fatty acids by saponification successively 





with carbonate of soda and caustic soda, subsequently removing 
the soap and washing the oil thoroughly, then deodorizing with 
superheated steam in a vacuum apparatus. Fig. 54a illustrates 
apparatus in which the oil and alkali are mixed by a circulating pump. 

A statement by Oelwerke Germania in Seifensieder Zeitung, 1914, 208, regard¬ 
ing the Leprince and Siveke patent of 1902 is as follows: 

Hence it follows as a matter of fact that the process of German Patent No. 

* U. 8. Patent No. 1,177.911, April 4,1910. 
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141,029 made a new path in the industry and first solved the important proldem 
of oil hardening- No one before this hud thought of the ])0S8ibility of making a 
solid edible fat from oils. This information is firat supplied by Patent No. 141,029. 

The properties and uses of various hardened oils are referred to 
by Thompson,* who states his impressions of the industry as viewed 
in 1914. A comparison of conditions at that time with those pre¬ 
vailing since the present world war began is interesting. 

The total cost of the hardening operation differs widely in different places, and 
varies some with the degree of hardness to be produced. It is said to average 
around 1 cent per pound. In some places it has lK*cn done for a commerical toll 
of G cents, which presumaldy leaves a profit. 

The combined capacity of the hydrogenating [>Iants of Europe is estimated 
for 1914 at 250,0(X) tons (1,875,000 barrels), which is two or three times as much 
aa has ever been treated. These ])lants arc m England, Norway, Germany 
and France, and are engaged at present (hiefly on fats for soap and candles. 
They arc hardening linseed, whale, soya l>ean and cottonstjcd oils. 

The great increase in the demand for margarin in Kuroj)e, for compmnd 
lard in the United Stales and for hard soaj) all over the civilized world has 
resulted in closely crowding the supply of natural hard fats, while liquid oils 
are relatively abundant. A few years ago strictly edible liquid oils seemed to 
be growing scarcer, but the new scheme of deodorization began to relieve this 
shortage by lifting the so-called soaj) offs into the edible class. The same 
prexieas was applied to copra and palm-kernel oils, and finally caused a scarcity 
of soap greases. Hydrogenation now promiae.s a further readjustment of con¬ 
ditions by permitting the transfer at will of any oil from the licpiid to the 
solid class, and it will bring into use some relatively rare oils and encourage 
the production of still others. 

Linseed Oil. (Thompson) 

Linseed oil, in 1914, offered the greatest attraction to hardeners. The price 
in Liverpool in April, 1914, was 5.40 cents per pound, or 2 cents cheaper than 
average tallow. It is now successfully hardened and used for soap on a large 
scale, 750,000 barrels being the trade prediction for 1014. 

The world’s crop of linseed varies greatly from year to year. In 1913 there 
\vas a record crop of about 2,700,000 metric tons, or half a million above that of 
the year before. Omitting the crush of Russia, which is about 350,000 tons out 
of a crop of 500,000, Europe crushed linseed in the last two years as follows: 

1912. 1913. 

Metric Tons. Metric Tons. 


Germany. 324,700 560,000 

United Kingdom. 290,000 665,400 

Netherlands. 156,600 207,600 

Others. 235,000 266,700 


Totals. 1,006,300 1,700,000 

Oil made (estimated 30 per cent)... 301,890 510,000 

Equivalent, barrels. 1,860,000 2,805,000 


*’Special Agents Series, Bureau of Foreign and Domestic Commerce; Oil, Paint and 
Drug ReWtrter, October 10, 1014, 36. 
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SeveAy per c^-^ncrease in the tJi) dipply'had a depressing influence on the 
market and caue^'the'jjrich to clecfihe through thQ year in the face of a general 
advance for othjer fatL iTiis- fact no doubt had its weiphf in accelerating tha 
development of hardening plants. The crop for 119^4 is exftected to be smaller, 
about like that of-1912; and if so, this extra demand, together hfith the growing 
demand from' the linoleum ifiSttstry, wilf tend -toJadvance prices. 

Fish Oils. (Thompson) 

* ^ - 

, Fish oils (whale, seal, menhaden, sapdine, etc.), have generally ruled lower in 
price than vegetable oils, because of their restricted uses. They have not been 
successfully used in the manufacture of soap because of the persistent smell.| 
It is claimed that the new hardening process eliminates all trace of smell and! 
taste and renders these ojis as useful and valuable as tallow for soap. It isj 
even claimed that they miy be used in margarine. Whale oil has advanced a! 
cent or two per pound on this news, but is still only about 5 cents against 7 
to 8 for tallow. One large hardening plant has already been established in 
Norway (IJc Nordske Fabrik Fredrikstad), principally for treating whale oil, 
and another plant is also being built. The combined capacity of these two plants 
is estimated at 550,000 barrels for 1914. Other plants in Oernmny and England 
are also working on fish oils. This has greatly stimulated the whaling indus¬ 
try, 800,000 barrels being estimated as the catch for 1913, which is many times 
greafcr than any [irevious year. Although new whaling fields are continually 
being exploited, extinction of the species is iiredicted if the prD.sent activity 
continues. 

Oils are being extracted in relatively small quantities at various fishing cen¬ 
ters in England, Japan, South Africa and other countries. When there hap¬ 
pens to bo a surplus catch beyond the capacity of the local market they are 
worked for oil instead of, as formeoly, being thrown out on the, land or worked 
whole into commercial fortiliiiers. The introduction of steam trawlers in Eng¬ 
land has enlarged the fishing radius with a consequent increase of cntcli. The 
new outlet fur fish oil will help to absorb the surplus and prevent an economic 
waste. 

Soya Bean Oil. (Tho-mpson) 

From the present crop of two or two and a half million tons of soya beans 
could be made two million barrels of oil, but no such amount is being made, 
or at least offered to commerce. Only 200,000 to 250,000 barrels are made in 
■Europe, and any amount greatly in excess of this would have to move as oil 
from 'China and Japan, A,s this oil is now definitely moving in the direction of 
salad, and as that trade must draw a supply from somewhere, the probabilities 
are that in the en-1 it will be allowed to go that way and not much of it be 
intercepted fm: hardening. 

Peanut and Cottonseed Oils. (Thompson) 

Peanut oil is so much esteemed in liquid form for salad and for margarin that 
there will not be so much margin of profit in hardening it as for some of the 
others, and it will probably be left for exploitation at a later date. 

Oil from Egyptian cottonseed, say 374,000 barrels made in Germany and 
England, is all tending toward the edible trade, though about half of it, natural 
or hardened, still goes into soap. Eventually most of it will probably go into 
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compound lard and margarin, porhaps in the hardened slain, nspnoially as it is 
claimed that the hardening pnxseas also deodori/sw. 

Oil from American <leoortieate<l cottonstssl, three to three and a half million 
barrels, is now practically all turned to edible uses, and its value will be much 
enhanced by the new discovery. Either hardened in the United States or shipped 
abroad to be hardened for inargarin and «nnpound lard, it becomes an imme¬ 
diate competitor of copra oil, the highest-priced ingredient on the market. 
American oil w'ill always have the preferenre, because it (exists in the largest 
amount, thus presenting the largest [xrssibility for selecting a uniform supply. 
Reversing the usual order, increased domestic demand for the new form will 
absorb such quantities that export prices may l>c maintained at high levels. 

Thompson • observes that formerly artificial lard was made by the admixture 
of bleached liquid cottonseed oil with oleo stock or refintxl tallow in the right pro¬ 
portion to give a consistency as nearly like lard as possible. But since the intro¬ 
duction of the hardening process, mudi of the artificial lard is made by mixing 
liquid oil with hardened cottonseed oil. Margarine, or artificial butter is in general 
compounded from the same kind of fats as used for artificial lard. Natural hard 
fata arc more difficult to obtain and higher in price than liquid oils, so the arti¬ 
ficially hardened fata have become immensely popular for all these mixtures, even 
whale oil having been used during the war. 

A liquid hydrogenated oil food product i.s dc.scribed by Lowen- 
stein t which is stated to be suitable for use as a .salad oil, cooking 
oil or for such other purposes as cottonsettd oil, or similar oils have 
been used, the product licing superior to such oils in keeping qual¬ 
ities. 

A further advantage of the new product lies in the fact that the dissolved 
stearin therein is found to crystallize most readily, which quality renders the 
product especially suitable for winter or cold pressing for salad oil. Accompany¬ 
ing cottonseed oil or other fatty oils, notably seed oils, arc always certain im¬ 
purities, According to Lewkowitsch (Technology of Oils and Fats) “ tlu'se 
can be removed for the most part by steaming or washing with water, followed 
by bleaching or filtering, but even after this purification small (luantities of 
non-glyceridic substances remain dissolved. Some of these must be regarded 
■ as entirely foreign substances, e.g., traces of coloring matter, chromo genetic 
substances (producing the color reactions which are characteristic of some oils 
and fats).” While refined choice or prime yellow cottonseed oil keeps very 
well in dry storage, bleached or bleached and deodorized cottonseed oil (pro¬ 
duced by steaming) does not keep so well under similar storage conditions but 
tends to become rancid very much more quickly than the refined undcodorized 
yellow oil. Cottonseed oil which has been partially hydrogenated, does not 
exhibit this tendency toward rancidity even though bleached oil is employed. 
Nor does the hydrogenated oil, if subsequently deodorized, develop this tendency. 
In other words, hydrogenation as carried out in the manufacture of the new 
product appears to have so altered or destroyed the non-glyceridic substances 
present that the oil has been markedly improved as to its keeping qualities. 
That there has been such a change in the quantity or character of the non- 

*J. S. C. I., 1018, 166R. 

- t U- Patent No. 1,187,900, June 20,1016. 
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glyneridic subntances is evidenced by the fact that the product does not respond 
to the Halphcn teat, which is characteristic of cottonseed oil. 

In carrying out the process for the manufacture of the product, a fatty oil, 
for in.stan(« choice or prime yellow cottonseed oil, is placed in a closed vessel 
and caused to be chemically combined with hydrogen in the presence of a cata¬ 
lyzer. A temperature of l.'jO'’ to 200° C. has been satisfactorily employed and 
the, time required to produce the desired result after attaining this temperature 
is from five to thirty minutes, depending upon the activity and proportion of 
the catalyzer employed. 

Depending upon the, jiarticular cottonseed oil treated by the process the iodine 
value of the fini.shcd product varies from about 90 to 102. Its titre (as deter¬ 
mined by the Wolfbauer method) has been slightly increased during the process 
to the extent of from about C. to y'jf" 0. over that of the original oil treated. 
The, color of the treated product is usually somewhat lighter than the original 
oil. On cooling the, product it in part readily crystallizes, thereby making the 
separation of .stearine, from the oil much easier and more effective for “ winter 
pressing " for salad oil than is the case with ordinary cotton-seed oil. The prod¬ 
uct re.spond.s negatively to the Milliau test for cottonseed oil. 

Brauer * notes that both laboratory experimonts and those made 
on a (‘onmiorcitd scale indicafe that hardened fats have a much 
greater oiipacity for “ holding ” water than untreated fate, and that 
the samp is true of margarines made from the two kinds of fate. 
Margarine.? made of (a) hardened whale oil and unhardened linseed 
oil (b) hardcuied linseed oil mixed with unhardened oil, and (c) tallow 
and unhardened linseed oil, contained 25.67 per cent, 18.33 per eent 
and 11.75 per cent, respectively, of moisture. 

'I'lu! fat.-solul)le accessory growth substances of beef fat and “ oleo- 
oil ” ar(> considered important food elements by Halliburton and 
Drummond, t Margarines containing these bodies are nutritively 
equivalent to butter. On t.hc other hand it is asserted that cocoa- 
nut oil, cottonseed oil, peanut oil and hydrogenated vegetable oils 
contain little or none of these accessory substances and that mar¬ 
garines prepared from these are not equal to butter in nutritive value. 

The introduction of hydrogenated products in margarine manu¬ 
facture according to Clayton J marks a great technical advance, and 
one which is likely to develop very rapidly in the future. He 
observes that an objection has been raised by Brauer that hardened 
oils raise the moisture content of a margarine, owing to their prop¬ 
erty of retaining water, much in excess of what other oils do. Brauer 
claims to have proved this on a large scale on many occasions. 

*Z, offent Chem., 22, 209; Chem. Zenti., 1916, II, 527; Chem, Abs., 1917, 1699; 
ZeitBch. angew. C'hem., 1916, 39 , Ref , 492; J. S, C. I., 1917, 98. 

t Journal of Physiology, 1917, 61,235-251. J. Chem. Soc.i 1917* 113 , i, 673. J. S. C. L, 
1917, 1285. 

J J. S. C. L, 1917, 1206. 
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Clayton notes that as far as he is aware such a difficulty has not 
been met with in British factories, and in any case the problem 
admits of very easy solution. The use of hardened oils really hinges 
upon their edibility or otherwises, and on this point much con¬ 
troversy has raged. Little doubt exists as to their lieing thoroughly 
suitable for human consumption, since they are assimilatc'd during 
human metabolism just the same as any other fats, but whether 
the traces of metal catalyst almost invariably present affect the 
health, was, for a long time, a dubious matter. Another objection 
that has been raised agaiiLst the use of these oils in margarine man¬ 
ufacture, is that good products may be prepared from bad raw niate- 
rial. As a particular instance, whale oil can be hydrogenated to 
yield a tasteless, odorle.ss, and genn-free fat, physiologically harmle.ss. 
Suspicion was aroused that margarine manufacturers might use 
cheap and unwholesome fish or oth(T oils, hardened to form good, 
clean products. Much controvcirsy has ccnitered round this point. 
So long as the raw material was unsound, the publics would not 
sanction the final margarine!. Maybe, Clayton adds, there will be a 
legal fixing of the raw material in the futmr'. At any rate, such a 
cours(! has been frequently advoc.ated, (!sp(!cially in the United States. 

The utility of hydrogcinated oils in the manufactui'c of oleomar¬ 
garine receives further confirmation by Pickard,* who states that for 
the purpose hydrogenated or hardened oils arc used in (!onsiderable 
quantities. He further stat<!s that when the process is property 
handled, the melting-point of the resulting material can be I'egulated 
to a nicety and the oils contain no appreciable amounts of dek'terious 
substances, so that they are, therefore, jxirfectly wholesome and, in 
consequence, legitimate constituents of edible inoducts. 

Keebler states that. I.hc principal difficulty (!xperienc(af with some manufacturers 
of nut margarine is that of keeping the nicliing-point al>ovc 7,')° F., while Imttcr 
melts about 92° F. However, it is claimed liy om; manufacturer tliut his nut 
margarine has a melting-point of 107° F. Kccl)lcr observes that this possibly 
can be accounted for by the use of hydrogenated oils. 

In the manufacture of leavened bread it is the practice to add 
various milk products to improve the flavor, etc. The addition of 
milk tends to retard fermentation by. yeast and Kohman, Godfrey 
and Asche J have found that by peptonizing the milk the fennenta- 
tion is accelerated rather than retarded. 

* American Food Journal, 1918, 16. 

t Am. Food Jour.. 1918, 363. 

t U. S. Patent No. 1,222,304, April 10, 1917. 
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In addition to milk tlipy find that, various forms of diocse may be employed 
and (.hat it is preforahiu to mix the oheeac with a hydroKeniited fat siieh as 
hydro(;enat(al eottonsecd oil havinfi a molting-|)oint of about ‘,V>° to 40° C. 
A creamy mixture is olitaincd by incorporating these ingredient.s and sudi mix¬ 
ture may he r(sidily introduced into the dough hatch during the usual mixing 
operation The addition of the hardened fat to the cheese i.s desirable for the 
further reason that the fat, replaces a part or all of the shortening agents that arc 
ordinarily added to bread. Ten parts of eheeae to 4 or .') iiart.s of the hard¬ 
ened fat may he employed and 1 to IJ It), of tliis mixture may l)o used to 100 
lb. of flour. 

A produel, eallrd Vegetolo, manufactured by Armour & Co., 
according to thn AiiM'rican Food Journal, June, 1917, page, 330, is a 
hydrogenated cottonseed oil, without flavor and fully sterilized. It 
is stat.cd that Vogetolo difft'rs slightly from lard and also mixtures 
of cottonseed oil and olcostcarinc and that it also has different 
propertii's from eottf)nseed oil. It is observed that the liydrogenatcd 
oils fonu a c]a,ss by themselves and bid fair to constitute a most 
important part of what are known as cooking fats. Vegetole is 
sweet, wholesome and nutritious and easily digested and can be 
used for all purposes for which lard is used. As a .sliortening agent, 
whether in bread, pic crust, or bi.seuits, or when used as a medium 
for frying, the results olitainod are stated to be cxoellrnt. 

According to Bemegau,* fresh white, of egg is treated at about 
40° C. with freshly expressed {fineapplc juice (containing yeast cells), 
and the result.ing liquifl mixed with sugar, emulsified with fresh egg 
yolk, and sterilizc'd liy heating, yielding an emulsion suitable for 
blending with hydrogenated oils to produce an edible fat. 

Poulenc Freres t claim that the hydrogenation of lecithin may be 
accomplished by the aid of common metals find their oxides, and at a 
temperature below that at which lecithin and liydrolecithin are 
decomposed, by having the catalyst in its most active condition, 
obtained by slow reduction in the ca-sc of the metals and by dehy¬ 
dration of the hydroxides at a low temperature in the (^ase of the 
oxides; by vigorous stirring of the lecithin so as to expose contin¬ 
ually fresh surface to the action of the hydrogen, and by working 
under increased pressure. 

Daughters f hydrogenated oil from the seed of the wild cucumber 
(iodine No. 117) using a nickel catalyzer and a temperature of 220° 
to 240° C. The hydrogenated"product melted at 29° to 36° (1. and had 
an iodine number of 70.0. Feeding experiments with mice showed 
that the original oil and the hydrogenated fat were non-poisonous. 

* Gfirman Patent No. 295,361, March 24, 1914. 
t French Patent No. 478,193, July 22, 1914; J. S. C. I., 1916, 1131. 

} J. Ind. Eng- Chom., 1918, 120. 
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USES OF HYDROGENATED OILS AND THEIR UTILIZA¬ 
TION IN SOAP MAKING 

Uses of Hydbooenated Oils 

Liquid fats and fatty acids are essentially cheaper than solid fats 
and fatty acids, and the ability to prepare from ordinary liquid fatty 
oils a fatty body of almost any desired degree of consistency or hard¬ 
ness renders hydrogenation especially attractive in the production 
of edible fats and soap-making materials. These are, undoubtedly, 
two of the most important applications, although hydrogenated oils 
are likely to have a rather wide use in the arts. In the manufacture 
of insulating compositions and lubricants, for example, the hydro¬ 
genated fats may lie used to advantage. In the tanning industry 
the stearin produced by hydrogenation is being used as a substitute 
for oleo-stearin. 

The physical and chemical properties * of hardened oils, particularly 
the hardened fish oils, indicate that these products are useful in the 
manufacture of lubricants and that they may be used as a substitute 
for tallow in the preparation of various lubricating compounds.f In 
compounding preparations of this character, the requisite amount of 
hardened oil is added to the oil base employed, the mixture being 
heated to secure satisfactory incorporation, and then is cooled, when 
it is ready for use. The better grades of hardened fish oil also can 
be used alone as a substitute for acid-free machine tallow. 

A review of the soap trade of the United Kingdom for 1913 is significant in 
indicating decreased requirements of several of the staple raw materials, which con¬ 
dition, rather than suggestive of any decline in the production of soap, marks a 
■greater dependence upon supplies which have been brought within practical oper¬ 
ation largely through the hydrogenating process for hardening oils! To quote 
from the report on this subject: 

“It is of the greatest moment that the European soap maker has found in the 
hardened oils produced by the hydrogen process very considerable relief from factors 
that must have driven values very much higher, had not this new source of supply 
come into actual operation.” 

* Seifen. Ztg. (1912), 1092. 

t Hydrogenated fats, Leimdorfer states (Seifqn. Ztg. (1913), 1317), can be used 
in the preparation of lubricants and in tanning operations. 
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“ English manufacturers as a rule arc quick to turn to advantage any opportunity 
to exploit new methods and processes in their industries, and the recognition of the 
practical application of hydrogenated oils in such an important field as soap making 
is a development of much interest to the affected trades in this country, where the 
process in its general relationship to the soap and lard compound industries is in a 
more or less experimental stage. According to the. English soap trade report the 
losses in three of the leading materials available for home consumption, as measured 
by the excess of imports over exports in 1913, were 353^ tons of tallow, 1656 tons of 
palm oil and 2240 tons of cocoanut oil. Exports of soap from the Unitc<l Kingdom 
last year were heavier (1732 tons), while imports from foreign countries were lighter 
by 2194 tons. As a result of the strides in the hardening of materials for soap pro¬ 
duction by hydrogenation, whale and linseed oils arc now accorded an established 
place in the Kingdom’s soap industry. The total capacity of the hardening plants 
in Europe, including the United Kingdom, is given as 220,000 tons of oil, although 
some of the views exprc,ssed in the local trade place it to 300,000 tons. A good part 
of the American linseed oil export trade la.st year has been attributed to the heavier 
requirements for the soap kettle through the hydrogenation process, and crushers 
and dealers have been buoyed to keener expectations for this year’s foreign business. 
Conditions in other fields in which linseed oil enters must, however, be reckoned 
upon as contributing factors. Persistent attempts have been made to induce our 
soap makers to adapt hardened linseed oil to their service, and while sales of round 
parcels have been made for this account, so far as is known none of the purchasers 
has been encouraged to put the oil into actual test. The favorable market condi¬ 
tions for competing fats in the soap field may have accounted for the attitude of 
makers toward linseed oil for this particular purpose.” 

“Probably the grcato,st headway in the application of the hydrogenating hardening 
process in this country has boon in the field of edible products in which cottonseed 
oil has entered on the moat liberal scale. It was through this means that the domes¬ 
tic consumption of refined oil during the last crop year so surpassed the general 
expectations of the trade that the principal markets abroad were scoured last sum¬ 
mer to reclaim any supplies of our oil that might be available, and foreign producing 
sources were also called upon to help relieve the stringency here.” * 

Auerbacht considers the hydrogenation process responsible for an advance in the 
price of fish oils so that they will be of doubtful benefit to the soap industry. Also 
he states that the so-called burned odor which was noticeable in soap made from 
hardened fats is said to have been overcome. Besides fish and whale oil, he notes 
that castor oil is treated to some extent. The hardened castor oil is used for insula¬ 
tion purposes in the electrical field. 

Hydrogenated Oils in the Soap Industry 

The developments in oil hydrogenation have brought to the soap 
industry an innovation of fundamental importance in the domain of 
raw materials. The soap manufacturer, no longer well able to pur¬ 
chase the best grade of fats in face of the high prices paid by the 
margarine and other edible fat industries, has now at his disposal the 

* Oil, Paint and Drug Rep., Feb. 2, 1914. 
t Chem. Ztg., 37 , 297. 
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means for utilizing lower grade materials in substitution for more 
costly stock. 

By hydrogenation, oils which formerly made soaps only of soft con¬ 
sistency, now yield the more valuable hard soaps. ITiis has led to a 
very rapid development of the art with respect to the production of 
soap-making fats. In particular, fish and whale oils have been made 
use of, because th<;se oik may be completely deodorized by the addi¬ 
tion of hydrogen. 

According to a Japanese chemist, Tsujimoto, the odor of fish oil is 
due almost entirely to a fatty constituent and not to so-called impuri¬ 
ties. This fatty constituent is clupanodonic acid having the formula 
CiaH 2802 , which, therefore, by the iiddition of 8 hydrogen atoms, 
becomes stearic acid. When hydrogenated down to an iodine num¬ 
ber of about 50, fish oil has the consistency of hard tallow and tlu; 
odor of fish oil is wholly absent. Even the fishy taste is scarcely in 
evidence. 

For soap making this product is satisfactory as it complies with 
the test for a deodorized fish oil suitable! for soap making in that the 
odor of the original oil is not apparent when ironing laundered goods 
on which such soaps arc used. If, however, at least with the poorer 
grades of oil, the hydrogenation is not carried on to a point where 
the iodine number is approximately 50 or less, there is some danger 
that the fishy odor will become apparent during the ironing operation. 

It appears not improbable that unstable odor-forming nitrogenous 
impurities in fish oil add hydrogen during the hardening process and 
are transformed into bodies of a stable character. 

Data on a hydrogenating plant in Norway is furnished by Commercial Agent 
E. W. Thompson of the Department of Commerce (Consular & Trade Reports, 
Jan. 14, 1914, 171) who reports that during the summer of 1913 an oil-hardening 
plant was opened at Fredrikstad by Do Nordiske Fabriker, with head office at 
Christiania,* The original object was to harden whale oil for the soap industry, 
but as the result of experiments with edible oils the plant is being enlarged to a 
capacity of 1000 barrels a day with the expectation of hardening cottonseed and 
peanut oils for the margarine makers. If this plan is successful it may double the 

* This concern is said to be a German-Norwegian company, capitalized at about 
$833,500, organized to work a new German method of hydrogenation. The Ilatslund 
Falls are being utilized to generate the electric power required by the work and also 
to manufacture by electrolysis the hydrogen required for the hardening process to 
which the purified whale oil is submitted and converted into a solid neutral fat. 
The daily consumption of oil is about 300 barrels. (Jour. Ind. and Eng. Chem. 
(1913), 608.) The hardened fat has a melting point between 40° to 50° C. and 
is stated to be odorless and tasteless. Although at the present time principally 
used for soap making, in all probability in due course the material will be employed 
in the m^ufacturc of edible fats. (Scifen. Ztg. (1913), 1413.) 



USES OF HYDROGENATED OILS 


361 


consumption of cottonseed oil in the margarine industry. The Norwegian firm 
will purchase the best grades of cottonseed and peanut oils, and will also harden on 
toll. Many European margarine factories are experimenting on hardened cotton 
and peanut oils to replace copra oil, which is high in price.* 

Some criticism has been directed at the use of hardened oils at least for edible 
purposes on the ground that nickel is used in the process, but the manufacturers 
say that although nickel ia generally used none of it is left in the oil, and that even 
if it were it is harmless, as shown by many tests with animals and w'ith human 
“poison squads.” 

Samples of Norwegian hydrogenated whale oil which have come to 
the author’s attention are of cx(!eptionally high quality. 

Whale oil of tlie grades known as 0 and I hydrogenate readily with 
nickel as a catalyzer. No. 2 is somewhat more difficult and No. 3 
is decidedly trouljlesome to treat without special refining. 

Chinese wood or tung oil may be rendered very bard by thorough hydrogena¬ 
tion and the prochiet often sliows the properly of expanding on solidifying from a 
iiK'Ited state, forming a friable mass instead of a firm block. Hardened linseed oil 
sometimes exhibits a like behavior. 

Hardened ohry.salis oil is described by Tsujimoto (.lour. Chem. Ind. Tokio, 1914, 
No. 191 and Chom. Ztg. Rep. 1914, 110). Hydrogenation was carried out witli a 
nickel catalyzer and traces of nickel were found in the ash of the hardened product. 

iSoya bean oil tias become an important raw material for hydrogenation purposes. 
(Seifen. Ztg., 1014, 348.) 

The commercial side of fat hardening is discussed to some extent 
by Scliiclit t and tlie value of fish and whale oils in this field is con¬ 
sidered. Tile probable place hardened fats will assume in the soap 
and edible fat industry is discussed in Seifensieder Zeitung (1913, 
768). 

In this country very little has as yet appeared in the literature 
regarding the application of hydrogenated oils in soap making, but 
in Germany consideralde space has been given by tlie trade journals 
to discussions of the subject. Some of the statements are of a very 
contradictory character as is, of course, to be expected in the early 
stages of development of this important subject, especially in view 
of the very considerable degree of empiricism which prevails in some 
branche.s of the soap-making industry. 

It is to be regretted that so much of the published matter relates 
to products offered under trade names such as Talgol, Candelite and 

* Hardened sunflower oil is mentioned in Seifensieder Zeitung (1913), 611. The 
Knowles Oxygen Company, of Wolverhampton, England, has contracted with the 
Sunlight Soap Factory, in Port Arthur, to erect an annex to the plant for the pro¬ 
duction of the hydrogen nocossary for hardening palm oil; the oxygen is to be col¬ 
lected and sold. 

t Seifen. Ztg. (1913), 287. 
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similar hydrogenated fish and whale oils, etc., of the Germania Oel- 
werke at Emmerich, but while soap making as practiced in Germany 
differs in several respects from the practice in this country, it is be¬ 
lieved the work abroad will prove at least suggestive if not instruc¬ 
tive.* 

In the following an attempt has been made to briefly review the 
more important contributions in this connection. 

Garth f states that fish and whale oils arc the raw materials for a 
considerable proportion of the hydrogenated products which, up to 
the present time, have found application in soap making. Being 
relatively low-priced raw material many attempts have been made to 
make cheap soaps from fish oil. These attempts in the past have 
been unproductive because the objectionable odor reappears after 
goods are laundered. Hence there are many proposals directed 
toward the production of odorless fish oil. As is known fish oil con¬ 
tains nitrogenous compounds and certain of the lower fatty acids 
arising from decomposition of the fish before the oil is expressed. 
Most of the proposals are based upon the assumption that these sources 
of the evil odor can be removed by the action of energetically-reacting 
bodies such as sulfuric acid and the like. However, neither treat¬ 
ment with strong acids nor distillation with superheated steam pro¬ 
duce unobjectionable products. By hydrogenation the disagreeable 
odor disappears; nevertheless, there always remains an odor similar 
to that of distilled olein which, however, is completely concealed if 
the product is worked up with a goodly proportion of other fats. 

Garth t observes that the hydrogenated fats which have been 
used in the soap manufacture appear in the trade as Talgol, Talgol 
extra, Candelite, Candelite extra, Crutolein, Talgin, etc. Talgol 
has a melting point of 35° to 37° C., and an iodine number of 65 to 
70. Talgol extra melts at 42° to 44° C. and the iodine number is 
45 to 55. The Candelite products are harder, Candelite melting at 


* In England one large concern is offering several grades of hardened fat ranging 
as .follows: 



Iodine No. 

M. P. 

Titer 

A1.. 

50 

40-42 

36 

A2. 

85 

28-30 

32 

Cl. 

60 

44-46 

46 

C2... 

75 

36-37 

36 


. t Seifen. Ztg. (Ifll2), 1278. 
.^-1 Seifen, Ztg. (1912), 1279. 
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48° to 50° C., and having an iodine number of 15 to 20, while Candelite 
extra melts at 50° to 52° C. and exhibits an iodine number of 5 to 10.* 
Heller f furnishes the following data on these products: 



Acitl No. 

1 

Ri4>otiificat(on j 
No. 

i 

Unsaponi- 

fiable 

Iodine 

No. 

Talgol. 

1 

3 5 

190.7 

0 33 

03.9 

Talgol extra. 

3 8 

190.5 

0.31 

36.1 

Candelite. 

3.8 

190.4 

0.41 

18 4 

Candelite extra. 

4.4 

188 4 

1 

0 .52 

10.4 

FATTY ACIDS 



MeltioR point j 

1 Titer 

Acid No. 



38.5 

34.0 

199.7 


45.5 

43 5 

199 9 


48 5 

47.4 

198.9 

Candelite extra. 

51 8 

1 50.5 

1 

199.9 


Schaal has reported t the results of his observations on the two 
products Talgol and C^andelite derived by hydrogenation of fish oil, 
etc., and has called attention to the adaptability of these hardened 
fats in the production of soap base or milled soap. Both Talgol and 
t'andelitc have a tallowy appearance with this difference, that one is 
softer and one is harder than tallow. At first glance one is likely to 
regard these fats as similar to high-grade soap tallow, but the odor of 
the product immediately shows this is not the case. The odor is not 
ilisagreeable and in fact resembles some grades of tallow. It is sug¬ 
gestive of the cheesy odor given off by tallow which has been stored 
for a considerable time in warm weather. Of the two products Talgol 
and Candelite, the odor in the latter is less noticeable. 

In his first investigations Schaal simply replaced a part of the softer 
fats, as he thought Talgol would lose its firm consistency during the 

* The Olwerke Germania has trademarked in the German Patent Office the words 
Andelite, Candolit, CancelUt, Coryphol, Doratol, Dural, Durettol, Durolit, Durotin, 
Durotal, Duru, Durutol, Jutol, Jutolin, Kandel, Kandelin, Kandetil, Kandorit, 
Kerzenit, Kritolit, Krunotin, Krutello, Krutoi, Krutolin, Talgela, Talgelin, Talgol 
and Urutol. (Taschenkalender f. d. Oel und Fett Industrie, 1914.) 

t Seifenfabrikant (1912), No. 31. 

t The results of investigations by Schaal on the utilization of hardened oils in 
soap manufacture are published in the Seifensieder Zeitung (1912), 821, 846, 954 
and 979; (1913), 173, and in a book entitled Die Moderne Toiletteseifen-Fabrikation, 
Augsburg, 1913, to which reference should be had for detailed description. 
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boiling operation and would return to a consisteney approaching that 
of the original oil. This assumption proved to he unwarranted as 
tests with small samples showed that the Talgol fatty acids were as 
hard as the Talgol itself. The first fat mixture used for preparing a 
soap consisted of the following; 

40 parts tallow. 

15 parts Talgol. 

30 parts bone fat. 

15 parts cocoanut oil. 

No rosin was used a.s it was desired to determine the influence of 
the Talgol odor. During the boiling the odor of Talgol wa.s plainly 
in evidence, much more noticeable in fact than could be observed 
afterwards in the finished soap. The dried curd tixhibited a wholly 
agreeable odor in which the characteristic odor of Talgol could not be 
detected, and no odor was in evidence of a nature calculated to affect 
the perfume. The soap was not perfumed, but wa.s wrapptul in paper 
and laid aside a few weeks for further olxservation. In another trial 
the tallow was reduced and the Talgol increased in amount, the 
formula being: 

25 ])arte tallow. 

33 parts Talgol. 

30 parts bone fat. 

10 i)arts cocoanut oil. 

The saponification progressed satisfactorily, indicating that Talgol 
readily united with alkali. As the bone fat employed was of exception¬ 
ally dark color, the soap was bleached in the kettle with 0.2 per cent 
Blankit. The dried product had a fine ivory white appearance, but 
the odor of Talgol was apparent although not so pronounced as to 
render the soap unu.sable. This soap base milled very smoothly and 
easily, giving an excellent finish. In another trial 5 per cent of rosin 
was introduced with improvement in the odor of the soap base. 

The milled and perfumed soap was kept under observation and it 
was noted that some perfumes were affected by the Talgol odor. A 
person with a keen sense of smell would immediately detect the 
presence of Talgol. Tests were conducted with a number of perfumes * 
including hyacinth, lilac, rose, pathouly and violet, each cake being 
separately wrapped in parchment paper. It was found that the two 
first-mentioned perfumes were more sensitive to the presence of Tal¬ 
gol smell and gave a momentary impression that the soap had become 

* Schaal gives a number of perfume formula; for hydrogenated oil soaps in 
Seifen. Zt^. (1912), 979. 
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rancid; the rose was slightly affected while the other samples were 
not noticeably changed. Schaal reaches the conclusion that the 
highest grade of toilet soap perfumed with delicate essential oils is 
affected by the use of Talgol or Candelitc and that these hardened 
oils will not find an application here. Such soaps are, however, sold 
only to very fastidious trade and require in any case perfumes of the 
very highest grade. On the other hand, in manufacturing ordinary 
grades of toilet soap which are, of course, made in enormous quan¬ 
tities, up to about 35 per cent of Talgol or Candelite may be employed 
advantageously in the fat stock. As regards solubility in water and 
free lathering properties, Schaal found Talgol or Candelite to afford 
sati.sfactory results, the soaps which he prepared forming a lather 
immediately which was thick and voluminous, acting in fact like any 
standard soap. It is reported that the Olwerke Germania has been 
successful in producing a completely odorless product at a somewhat 
higher cost. If such a deodorized product can be put out at reason¬ 
able price, it will bo pos.siblo to make toilet soap.s of the highest grade 
with hardened fats derived from relatively cheap oils. 

Of Talgol, Schaal notes that the fat is readily deprived of its glycer¬ 
ine and especially well by the Krebitz process,* and soaps made from 
this stock are prime products. 

Schaal states that so long as these hardened fats are not entirely 
odorless, as indicated they cannot be advanced for the manufacture 
of soap stock of the first class. For these, the best beef tallow, etc., 
must remain the raw material, for this class demands the best that the 
soap industry ciin produce. Talgol is therefore considered suitable 
only for working up into soap stock of second and third grade. In 
these soaps the price of raw material plays a considerable role, and 
thus Talgol proves an advantageous substitute for tallow. Pure Tal¬ 
gol soap has too little lathering power and as its odor is also objection¬ 
able it is not advisable to allow the addition of Talgol to rise above 
40 per cent. The lathering power will be considerably better if 10 per 
cent of palm kernel or cocoanut oil is worked in and the solubility of 
the soap is also much increased. If, however, 60 per cent of other fats 
are present, bad lathering is prevented, and the product meets the re¬ 
quirements of the trade. The yield of pure salted soap on the average 
is 165 per cent. 

The following are some recipes given by Schaal for soap stock of two 
grades. 

* The Krebitz process is recommended for the treatment of hardened fats in the 
manufacture of toilet soaps. (Seifen. Ztg., 1914, 391.) 
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Soap Stock, Second Grade 


(1) 30 parts Talgol extra; 

40 parts beef tallow; 

15 parts peanut or com oil; 
15 parts cocoanut oil. 


(2) 40 parts Talgol extra; 

25 parts beef tallow; 

20 parts peanut or corn oil; 
15 parts cocoanut oil. 


Soap Slock, Third Grade 


(1) 40 parts Talgol extra; 

15 parts beef tallow; 

30 parts oleomargarine waste, 
bone tat, hide fat, etc.; 

10 parts palm kernel oil or 
cocoanut oil; 

5 parts rosin. 


(2) 40 parts Talgol extra; 

30 parts oleomargarine waste, 
bone fat, hide fat, etc.; 

20 parts bleached palm oil; 

6 parts cocoanut oil; 

4 parts rosin. 


It may be noted that with each increase in the amount of Talgol, 
a similar increase in the amount of softer fats is demanded. Talgol 
extra is a rather hard fat and easily permits a considerable addition 
of fluid fats, producing a pliable plastic soap base which can bo easily 
milled. Talgol like tallow is saponifiable with some diffieulty and 
for the complete combination of it with alkali, boiling for a number of 
hours is required. The boil must be conducted with weak lyes of 
15 to 20 degrees in order to get a good combination of fat and lye. 
With respect to the odor of the soap it is an advantage if the reaction 
between the fat and lye is extended over as long a period as possible, 
since the odor of Talgol thus almost completely disappears. When 
possible the Talgol material should be well blowm with steam in the 
kettles, as by this treatment the odor is almost completely removed. 

The resulting soap base displays absolutely no difference from that 
of a straight tallow stock, and works up on the machines exactly as 
a soap from beef tallow; indeed it may be said that milled soap from 
Talgol has a finer, cleaner and whiter look than that made without 
it. The odor may be permanently concealed in finishing the soap 
by means of appropriate perfumes. 

The tests made by Schaal of Talgol as a constituent of cold process 
soaps led to the conclusion that it only has value in combination with 
cocoanut oil. The saponification of Talgol may be accomplished 
with strong tepid lyes if the following conditions are observed. First 
the temperature of the fat at the moment of contact with the lye 
must be at least 50® C. and on cold days about 55° C. It is desirable 
to warm the lye to 25° to 30° C. before incorporating. It often 
happens on mixing that the whole mass suddenly solidifies so that the 
mixture .must be warmed to liquefy. Even when the temperature 
of the l^ath is high® than the figures given, solidification takes place 
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on running in the cold lye, or at least small lumps are formed. The 
union of the fat and lye takes place very quickly; the mass becomes 
solid in a short time and can be framed. On this account the frames 
must be ready at hand. In the frames a rather strong reaction sets 
in, and heat is generated. The frames should be well covered to 
take advantage of this rise in temperature. The finished soap is very 
hard and almost brittle in character and on this account must be cut 
while fresh. It has a fine white color, but is not transparent. The 
odor is not unpleasant, and varies with the fat used; it can be com¬ 
pletely covered by oil of citronolla or lavender. Artificial oil of bitter 
almonds is less adapted to permanently cover the Talgol odor. 

The following is a useful formula: 

25 j)artfl Talgol, 

25 parts Ceylon eocoanut oil, 

5 parts castor oil, 

28 parts caustic soda lye, 37° Be. 

The mixture of fats at a temperature of 45° to 50° C. is stirred well 
with the lye, which need not be warmed. In about one-half hour 
reaction is under way and the product should at once be framed. If 
delayed longer, the mass becomes almost in a moment solid and must 
bo warmed to soften. This is unnecessary if the frames are ready at 
hand as above cautioned. This soap heats up strongly in the frames 
and on cooling is plastic with a somewhat transparent look. It 
lathers freely like a shaving soap and when properly perfumed is an 
excellent product. Such a soap is well adapted for pressing, which 
gives it a fine solid appearance. 

For eocoanut oil soaps which are to be filled, 25 per cent of Talgol 
is recommended. Such soaps cut and press well and have a good 
solid feel. The batch should be maintained at a temperature of 
40° C. when stirring, lest the soap get too solid before the filling is 
worked in. If this temperature is maintained no trouble need be 
feared with the lye or the filling. In weighing off the oil it is to be 
noted that the eocoanut oil should be first introduced and then the 
Talgol. Otherwise the latter sticks to the side of the kettle and the 
entire mixture then has to be made hotter than is necessary. 75 per 
cent of filling can be incorporated with 25 per cent of Talgol, giving 
a yield of 225 per cent without danger that the filling will settle out 
or fail to be held up. The soap is moulded as soon as thick and the 
moulds left covered for two hours. The cooled soap is hard and 
tenacious but still may be readily pressed. For filling, any desired 
solution of salt, potash and sugar in water may be employed. 
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The following is an appropriate recipe for a soap of this class: 

> , 

22 i kilos Cnylorr cucuanul oil, 

7 i kilos T«,lgt)l,_ 

IGJ kilos caustic soda lye, 37° Be., . 

22 | kilos filling solution, 

perfumed with 200 grams of oil of citronella or 200 grams of lavender 
or 100 grams of each oil. 

For soaps with more than 75 per cent filling and yields of 250 per 
cent and over it is be.st to conduct the process in the warm way. 

A cold process shaving soap made from 80 per cimt Talgol extra 
and 20 per cent cocoanut oil exhibited .satisfactory lathering prop¬ 
erties, but in spite of strong perfuming the Talgol odor eventually 
reappeared, especially at the surface of the cakes.* 

In a discussion of available substitutes for palm kernel oil t it is 
stated that hardened fish or whale oil such as Talgol cannot bo used 
as a substitute for palm kernel oil. The peculiar musty odor of Tal¬ 
gol, which to be sure no longer resembles that of the original oil, is, 
however, decidedly penetrating. Several grades of soap made with 
Talgol and Crutolein yielded a soap of too pronounced an odor to be 
marketable. Soap containing these hardened products was made into 
a soap powder and although the percentage of the hardentjd fat in 
this product was low. Its presence was still detectable by the odor. 
It is, however, stated that if means can be found for the removal of 
this characteristic odor, the situation as regards the general utility of 
these hardened fats will be entirely altered.J 


• Weber, Scifen. Ztg. (1913), 421. 

t Snifen. Ztg. (1913), 312. 

t Neither tallow, palm kernel or cocoanut oil can be completely substituted in 
soap making by hardened fish or whale oil, but the latter may be used to advantage 
as an addition fat in laundry soaps. (Seifenfabrikant (1913), .30; Zeitseh. f. ang. 
Chem. (1913), 310.) 

Lcimdorfer (Seifen. Ztg. (1913), 284 and 310) treats of hardened tats with special 
reference to the soap industry. 

The addition of hardened oil to other soap stocks is advantageous for lowering 
costs and gives a satisfactory product when not used to excess. When caustic 
potash is used for saponifying a mixture of 65 per cent cottonseed oil and 35 per cent 
Candelite the soap does not grain but remains clear. (Seifenfabr., 33 , 30.) 

, Hardened oils have faced several problems. The technician at first looked upon 
them with distrust. The peculiar odor of these fats has caused considerable criti¬ 
cism and their surprisingly white color has been looked upon as unnatiual. The soap 
produced with this stock has a characteristic structure and its appearance changes 
somewhat.in storage. The distrust evidenced toward hydrogenated fat is shown, 
however, te be unjustified. • 
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Hardened oils when used in soaps * in the proportion of 50 to 80 per 
cent give products which arc very hard, dissolve with difficulty and 
do not lather readily. The saponification is also said to be somewhat 
slower than with ordinary soap fats. When about 30 per cent of 
hardened oil is used the soap is satisfactory. 

Semi-boiled soaps were made as follows; 

(1) 50 parts each of cocoanut oil and hardened oil were saponified 
at 80° C. with 38 degree caustic soda lye. The lye was stirred into 
the hot oil mixture and the kettle kept covered until a well saponified 
product was obtained. A little alkali was added to show a faint excess 
alkali by phenol phthalein. After short standing the soap was framed 
and cooled. It had a fine white color, but possessed a sharp odor 
(wliicli however can be diminished or removed by boiling). The 
lathering qualities appeared less pronounced than was the case with 
a soap made from j tallow and j cocoanut oil. The hardened oil 
soap dissolved more slowly in water.f 

(2) 80 per cent hardened oil and 20 per cent cocoanut oil saponified 
in the same way was very hard and white but showed no lathering 
properties. The odor was slightly rancid. 

(3) 30 per cent hardened oil, 25 per cent peanut oil, 30 per cent 
cocoanut oil and 15 per cent rosin showed a rate of saponification 
which was normal; the soap was yellowish, the odor and solubility 
satisfactory, but the lathering properties were not quite as good as 
normal soap. 

The conclusion reached with the hardened oils tested was that very 
hard soaps could be produced which would show great economy in 
use, that they gave a poorer lather, that thore was some odor over 
and above that resulting in use of tallow, and that the saponification 
was slightly slower.t Hardened oils were also found to give dark 

An example of a satisfactory soap base for toilet soaps is given in the following 
formula. jj parts cocoanut oil, 

45 parts tallow oil, 

40 parts Talgol, 

and suggestions are made for the manufacture of laundry soaps, white-grained 
soaps, cold process soaps, transparent glycerine soaps, soap powder, etc. The 
hardened fat is not suitable for the production of transparent soft soaps or natural 
grain soaps. (Seifenfabrikant (1912), 1229, 1257.) 

• Seifen. Ztg. (1912), 660. 

t Weber (Seifen. Ztg. (1913), 421) gives a somewhat complicated procedure for 
makihg soap base with hardened oils of the Talgol type. 

t Leimdorfer (J. S. C. I., 1914, 206) states that the speed of saponification of 
hydrogenated fats is greater than the analogous natural fat (tallow) under similar 
conditions. 
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fatty acids by the Twitchcll i)roccss and odor of the fatty acids was 
not regarded as entirely satisfactory. 

A procedure for making milled soap base from hardened oil * in¬ 
volves the formula: 

1200 pounds Talgol extra, 

1200 ix)unds beef tallow, 

600 pounds Ceylon eoeoanut oil. 

The tallow first was placed in the kettle and saponified with 20 
degree caustic soda lye somewhat diluted with water. A little salt 
was added at the beginning of the boiling to prevent lumpincss. The 
Talgol extra was then added and saponified. This addition gave the 
stock a different odor which, however, diminished as the operation 
progressed and the final product possessed the desired odor of good 
neutral soap. After slow boiling for .several hours the stock was 
allowed to stand over night after it had been ascertained that a 
sufficient excess of alkali was present. Subsequently the soap was 
salted out with 24 degree brine, and after settling the spent lye was 
replaced with 8 degree caustic soda lye. Slow boiling was continued 
for several hours to complete the saponification and improve the odor. 
After settling over night the lye was removed and the eoeoanut oil, 
with the required amount of 30 degree caustic soda lye, was introduced. 
Less caustic soda was needed than the calculated amount for the cocoa- 
nut oil employed as the saponified stock contained some entrained 
lye. A small quantity of weak brine was added and boiling continued 
for several hours. Strong brine was then introduced to salt out the 
saponified product. After standing 36 hours the stock was withdrawn, 
solidified in cooling apparatus and subsequently dried. A relatively 
low temperature was used in drying yet no difficulty was experienced 
in securing a rapid removal of the moisture. The addition of hydro¬ 
genated oil to soft fats prevents adhesion of the resulting soap in the 
drying apparatus. 

The soap base machined perfectly and yielded a first-class finished 
product. Samples of the soap were stored for several months and 
then given to unbiased persons for criticism without informing these 
judges that hydrogenated oil had been used in the make-up of the 
soap. All united in declaring the product an excellent one and 
the freshness of the perfume was noted. The lather exhibited by the 
milled soap was of a good stiff consistency and quite lasting, resembling 
that afforded by a shaving soap. 

On examination, the glycerine-containing lyes derived in the fore- 
. • Seifen. Ztg. (1913), 334 and 368. 
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going method of saponification were found to resemble those obtained 
when beef tallow was used without additions of the hydrogenated 
fat. 

Garth * states that a grained soap having a desirable hard feel may 
be obtained by the use of Talgol, as has been proven by practical 
experience. Also a larger yield is obtained, and since the Talgol 
products are cheaper than tallow itself, a double advantage is secured. 
The hydrogenated fat finds application not only in textile and laundry 
•soaps but also in soap base intended for toilet soap manufacture. 
By itself Talgol is seldom used. In the case of laundry soap 25 to 
30 per cent of rosin should be employed. As to shaving and trans¬ 
parent glycerine soaps, sec Seifen. Ztg. (1913), 954. Too large an 
addition of the Talgol to grained soap causes the framed soap to check 
badly on standing. 

Bergo t criticizes hardened oil from the point of view of soap making, 
stating that only a very moderate percentage of the hardened oil in 
conjunction with other oils and fats can be used, otherwise the lather¬ 
ing quality of the soap is seriously influenced. The somewhat musty 
odor which soaps containing 30 per cent or more hardened oil show, 
may be diminished or eliminated through long boiling, or by repeated 
washing, or by the addition of a suitable perfuming agent; but long 
boiling, as well as repeated salting out or covering the odor with per¬ 
fumes, is costly. Another objection, namely, that soaps made with 
additions of hardened oil lose in lathering quality, is a more important 
con.sideration than the odor. The consumer looks upon good solu¬ 
bility and strong lathering properties as essential in soaps. Bergo 
thinks if success is not attained in removing this objectionable feature, 
the application of hydrogenated oils in the soap industry will remain 
very limited. 

A further obstacle on a large scale is the color of the product ob¬ 
tained by autoclave saponification. Hardened oil, which as a neutral 
fat shows a beautiful white color, gives fatty acids which in spite of 
all possible precautions in the autoclave treatment and even with the 
use of bleaching material, such as decrolin and the like, appear of a 
yellow color and in consequence are not suitable for white soaps. If, 
he states, we do not saponify these oils for fatty acids, but process 
them as neutral fats and saponify with caustic alkali, then the differ¬ 
ence in price as compared with other available fats and oils is so far 
reduced that it is a question whether the soap manufacturer will use 
such artificially hardened oils and thereby reduce the quality of the 

* Seifen. Ztg. (1912), 1279. 

t Seifen. Ztg. (1912), 1333. 
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soap. The hopes of the soap maker have been based on the supposition 
that a fat which would be a substitute in the manufacture of white 
grain soaps would be found, because the fats and oils now available 
for making white soaps are very few; while for yellow soaps a whole 
scries of fats arc obtainable and these Bergo regards as practically 
no more costly than hardened oil costs to-day. Hence he thinks these 
new raw materials offer no advantage for the soap industry in Ger¬ 
many on account of their price and defects mentioned.* 

In contrast to the views of Bergo, a writer in Seifen. Ztg. (1912), 101, 
refers to the comment that hydrogenated fish oil gives dark unsightly 
soaps which do not show good lathering properties, and asserts that 
hardened animal and vegetable oils after carfdul boiling giv(' soaps 
which not only are harder than those from the original oil, but are 
essentially whiter. If dark soaps have Ixum produced, one perhaps 
can explain the failure on the ground that nickel soaps were present 
in the hardened oil and through sulfur compounds in the lye were 
converted into sulfide of nickel. The lack of lathering qualities 
of soap made from hardened fish or whale oil he contends is a per¬ 
fectly natural result. Hardened fish oil finds its analogue in tallow. 
Pure tallow soaps are only indifferently soluble and lather poorly; 
hence this condition is to be expected in hardened fisli oil. 

Among a large collection of samples of soaps made from various 
hardened oils, including many marine animal oils, some were found 
to have a disagreeable odor like oil which has been distilled. This 
penetrating odor, which in distillation plants arises through partial 
decomposition of fatty bodies, is regarded as due to aerolein and is 
not a necessary consequence of hydrogenation, but is simply a result 
of over-heating the oil at some time during operation. In carrying 
out the process technically, too high a temperature should be avoided, 
thus eliminating the disagreeable odor and producing a hardened oil 
from which soap of high quality may be prepared. By the addition 
to hardened fish or vegetable oil of other fatty material, such as palm 

* It should be remembered that in Germany the Leprince and Siveke Patent 
141,029 is generally regarded as controlling, and is in strong hands. In consequence 
the criticism of hardened oil products by professional circles has been perhaps unduly 
severe, if not in part unwarranted. 

Haleco (Seifen. Ztg. (191.S), 16) feels that the stand taken by Bergo is unwar¬ 
ranted, because although the hardening of oils on a large scale has been in practical 
operation tor only a .short period, yet in that time there has been a very considerable 
demand for the hardened material, which demand is daily increasing in the soap 
industry and other fields. To-day soaps of various qualities, including fine toilet 
soaps, are being made with a considerable proportion of hardened oil which shows 
that tt^ new matarial offers advantages. 
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kernel or cocoanut oil anti rosin, a quick lathering soap may be pre¬ 
pared wliich satisfies all requirements. 

Hauser * is of the view that the application of hardened oils in soap 
making is for the time considerably limited. It is not impossible 
that a considerable simplification of the apparatus will enable the soap 
manufacturers to make use of it more extensively. The more impor¬ 
tant ajiplications, to Hauser, appear to be in the stearin and edible fat 
industry. He regards the soaps made from hardened fat as lacking 
in satisfactory texture and emulsifying properties, as not exhibiting 
the best of keeping qualities and in storage sometimes even develop¬ 
ing an undesirable odor. Then, too, he considers the yield of glycer¬ 
ine to he unfavorably affected by hydrogenation and the fatty acids 
of hardened oil to he dark('r than those of the normal oil. In a modern 
soap estaldishmcnt it is recommended that cheap, low-grade fat stock 
be the raw material, which, after purification, i.s split and the result¬ 
ing fatty acids are distilled after hardening by treatment with sulfuric 
acid. In this way with great simplicity and certainty, according to 
Hauser, fractions of any desired titer may be obtained for various 
.soap compositions without the occurrence of undesirable side reac¬ 
tions which he apparently thinks arc unavoidable in hydrogenation 
processe.s.t 

In the stearin industry the oil may be hardened and then saponified, 
or the glycerine first may be removed and the fatty acids hardened. 
It no longer becomes necessary to employ complicated pressing oper¬ 
ations to separate stearin from olein as the stearin may be di- 

• Scifen. Ztg. (1913), 141. 

t Favcirublo comment of the Germania Oelwerke products is made by “R. D.” 
(Scifen. Ztg. (1012), 517) who Btates that these hardened oils have many technical 
uses. In soap making they are used to advantage and give a good product. Talgol 
and Talgol extra are used as entire substitutes for tallow. Talgol is best for common 
household soaps, Talgol extra for toilet soaps. Gandelite and Candelite extra on 
account of high melting point find advantageous application in the stearin and 
candle industry. He considers the odor of the hardened oils as slight and unob¬ 
jectionable. The color is gray-yellow. Soaps made from these correspond to the 
trade requirements. Toilet soaps have a pure white color and do not darken or 
discolor on standing, and the perfume remains intact. Lower-grade soaps possess 
a satisfactory appearance, lather well and arc sufficiently firm and the odor is satis¬ 
factory. 

Considering the application of hardened fat in soap making Schuck (Soap 
Gazette and Perfumer, 1914, 65) states that on account of the high titer of the fat 
it is not advisable, in fact well nigh impossible, to make a settled soap (without 
rosin) from the hydrogenated product alone. Such a soap would be too brittle, 
would crack and would not lather at all. 

Train oil (hardened) os a competitor of tallow is considered in Soap Gazette and 
Perfumer, 1913, 222. See also article by Heller, ibid., 1913, 263. 
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reetly obtained. 'Tin? products to which lie refers liavc tlie following 
constants; 


Iodine number.. 
Melting point. . 
Saponification value. 
Unsaponifiable 
Olycerinc content 


Tttlcol 

1 

Tul"«l extra 

! 

Caiulelilo 

Ciindeiito 

1 extra 

Gr)~70 

45-5.') 

15-20 ' 

1 

1 5-10 

35-37° C. 

42-45° C.! 

4s-,50° C, 

50-62 

192 

192 

192 

192 

nndor 1% 

under 1% ! 

under 1% 

uiuier 1% 

9-10% 

i)-10 1 

1 

9-10 

9-10 


A polemical article by Ribot* denounces the proposal to use har¬ 
dened fish or whale oil, no matter how well refined, in the be.st grade 
of toilet soap.s. Furthermore ho does not consider such hardened 
oils to be substitute tats for tallow or palm kernel oil, but rather that 
the former may be employed as addition or filling-in fat stock. 20 to 
25 per cent may be added to a cheap toilet .soap base without detri¬ 
ment; 30 per cent or even 40 per cent may be employed in laundry 
soaps. In white .soft soaps 40 to 50 per cent of C'rutolin may be used.f 
Schaal J apparently is in agreement with llibot that for the highest 
grade of toilet soap ba.se, tallow should not be materially reduced or 
displaced by Talgol, but maintains that a soap base may be prepared 
with 35 to 40 per cent of Talgol which yields a handsome milled soap 
permanent in quality and suffering no eventual change in color. He 
also asserts that for ordinary toilet soap base Talgol is in no sense an 
addition or filling-in fat, but is a real substitute for tallow, and that 
the same is true of Talgol extra and Clandelite respectively for shaving 
soaps and glycerine transparent soaps; further that the hydrogen¬ 
ation process is an important and fruitful discovery for the soap 
industry, especially for toilet soap manufacture. 

In “Eschweger” soaps tallow may be completely replaced by Tal¬ 
gol,§ which produces a firmer soap; the yield is good and the odor 
satisfactory and no objection has been raised to its lathering qualities. 

• Seifen. Ztg. (1913), 142. 

t In response to Ribot an article appeared in Seifensieder Zeitung (1913), 173, 
by Schtial in which the latter makes clear that he did not propose hydrogenated 
fish or whale oil of the Talgol type for making the very highest grade of soap base; 
he recommends such fats particularly for toilet soaps of medium quality. Schaal 
also states that he has never roeommended complete substitution of tallow by Talgol 
fat in the highest grade of toilet soap base and calls attention to the formula; which 
he has published in the past in which a substantial amount of tallow is specified. 

t Seifen. Ztg. (1913), 173. 

S'Safen. Zta. 519121. 1230. 
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Two formula; are given for filled Eschweger soap according to which 
a firm marbled product is obtained.* 

Transparent glycerine soaps may be prepared by the use of a hard 
variety of hardened oil, Candelite being especially suitable, and with 
this material a soap of very satisfactory transparent appearance and 
firm consistency may be prepared without using more than a normal 
amount of alcohol. The following arc suitable formulas for the prep¬ 
aration of such soaps: 


Chenp Grade 

90 kiloa C'andelitc. 

90 kiloa Coylon cocoanut oil. 

84 kilo.a castor oil. 

144 kiloa cauatic aoda lye, 38° B4. 

90 kiloa sugar diaaolvcd in an equal weight of water. 

100 kilos soap filling. 

30 kiloa soda oryatala. 

Alcohol q.a. 

The soap filling consists of 100 parts .salt, 140 parts iiotash, 40 parts 
sugar and sufficient water to produce a solution of 21° B6. 

Jiclkr Grade 

90 kiloa Candelite. 

120 kilos Ceylon cocoanut oil. 

90 kilos castor oil. 

ICfi kilos caustic soda lye, 38° B4. 

100 kilos sugar dissolved in 76 kilos of water. 

40 kilos soap filling. 

10 kilos glycerine. 

Alcohol q.s. 

The Candelite should first be melted, the cocoanut oil then added 
and finally the castor oil introduced. Saponification is carried out 
by the self-heating method, it being desirable to allow the saponified 
mass to stand an hour or so in order to assure a complete union of the 

* “Eschweger” is a marbled soap, made by saponifying tallow and soft fats 
together with about one-third of their Weight, or more, of cocoanut oil. The quan¬ 
tity of lye is gauged so as to have the soap very nearly neutral at the end of the 
operation, as there is no separation of waste lye. All that goes into the kettle also 
goes into the soap except of course water removed by evaporation. Owing to 
the properties of cocoanut oil, such soap, in absorbing a considerable amount of 
salt solution, becomes of a peculiar consistency, while hot, and crystallization ensues 
with the formation of “marble” or “mottle” on eooling in the frame. At the same 
time the soap holds much more water than one which has been mottled by boiling 
down a soap made entirely of soft fats. 
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ingredients. Then the sugar solution and filling are added. By 
proceeding in this manner a clear product is obtained which does not 
subsequently darken in storage. The amount of alcohol is usually 
about 3 to 4 per cent, calculated on the soap material. For the better 
quality a very satisfactory perfuming composition is obtained by 
mixing equal parts of “ palma rosa ” oil and artificial geranium oil 
using 1500 grams to the formula given above. For the cheaper grade 
of soap a good perfuming agent consists of a mixture of equal parts of 
Java citronclla oil and benzyl acetate. 2000 grams of this mixture 
should be used for the amount of material specified in the formula 
first above given.* 

Hardened oil is advantageously used in shaving soaps according 
to Schaal.f A formula given by him is the following: 

50 kilos Talgol extra. 

10 kilos Ceylon cocoanut oil. 

10 kilos lard. 

20 kilos caustic soda lye, 38° B4. 

21 kilos caustic potash lye, 37° B4. 

The mixing takes place at a temperature of 52° C. The lyes are 
first mixed and then added in a thin even stream, stirring well mean¬ 
while in order to quickly get a thorough incorporation. After ^ to j 
hour the batch stirs thickly and should be promptly framed. The 
mass heats strongly in the frames and to take advantage of this the 
frames should be covered with bagging. By such treatment a section 
of the soap will show a uniform texture from center to edge. 

If it is preferred to prepare this soap by the warm process, it is 
necessary to add 5 kilos of potash solution of 12° B6. to the caustic 
lyes and to prolong the stirring until the mass has the proper body; 
the kettle is then well covered and its contents given time to react. 
After 2 to 3 hours spontaneous heating will have set in. The kettle 
is again opened, the contents well crutched, until uniform, and at the 
same time perfume can be worked in. The soap is now ready for 
framing, but the frames need not be covered. The potash solution 
is added to keep the soap sufficiently fluid to permit of crutching. 
Without this addition the soap would be so solid and tenacious that 
the crutch could scarcely operate. The finished soap has a flawless 
appearance, is almost white, fairly solid and handles well in cutting 
and packing. . 

• Sohaal, Seifen. Ztg. (19t2), 966. 

t Seifen. Ztg. (1912), 964, and Die Moderne Toiletteseifen-Fabrikation. 



USES OF HYDROGENATED OILS 


377 


A perfume composition which may be employed in this soap con¬ 
sists of the following: 

200 grams oil of rosemary. 

200 grams oil of bitter almonds (artificial). 

150 grams oil of lavender. 

75 grams oil of thyme (white). 

100 grams oil of sassafras. 

25 grama oil of wintergreen (artificial). 

The odor and lathering properties of soaps made from hydrogen¬ 
ated oil arc discussed by Garth * who considers the characteristic 
odor of hardened oils of the Talgol type to be in nowise disagree¬ 
able. In laundry soaps the aromatic odor of the rosin overcomes the 
Talgol smell. In making toilet soaps one has to take greater care 
that the Talgol addition is well gauged ns otherwise the proportion 
of the customary perfuming agents has to be varied. With regard 
to the diminution of the lathering power he states that soaps from 
pure Talgol have almost no lather, and in this connection refers to 
the int(iresting work of Krafft and other investigators who have shown 
that the detergent action of soap is dependent upon the nature of the 
fatty acid, and that there exists an important difference in operation 
between stearin and olein soaps. Soaps from palmitin or stearin 
at common temperature are unworkable and develop their detergent 
or emuision-forniing properties only when a temperature is reached 
which is approximately that of the melting point of their fatty acids. 
On the other hand the olein soaps are soluble at ordinary temper¬ 
atures thus exerting detergent action at low temperatures, but at a 
temperature of about 80° C. they lose their emulsion-forming qualities. 
Thus it will be seen why soaps made from pure tallow, or hardened 
fat, exert a very slight detergent action at ordinary temperature. In 
working with hardened fat the soap expert should take cognizance 
of the manner in which the soap is to be used and employ such mate¬ 
rials as give the desired detergent property under these conditions. 

With 30 to 35 per cent of hydrogenated oil of the Talgol type, 
Weber f has made a satisfactory soap base holding its perfume well, 
and although prepared without special manipulation did not, after 
standing for half a year, show the hardened oil odor when broken. 
This interval of time is sufficient to determine with certainty whether 
or not the characteristic odor can be permanently suppressed. 

The fatty acids of hydrogenated oil have been examined by Luksck t 

• Seifon, Ztg. (1912), 1309. 
t Seifen. Ztg. (1913), 421. 
t Seifen. Ztg. (1912), 718 and 742. 
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with reference to their applicability as candle material. A product 
having a titer of about 60 was observed to have a greasy feel, to be of 
amorphous texture and to be lacking in ring and transparency. So 
far as the samples examined by Luksch are concerned the product does 
not appear to be suitable as a candle material without considerable 
compounding.* 

In saponifying for fatty acids it is not advisable to run above 92 per 
cent, as otherwise the fatty acids arc likely to be dark and the result¬ 
ing soap off color. When hydrogenated fish oil has been split the fatty 
acids are saponified in the customary way by carbonated alkali. 
In finishing, the soap should not be too thin; otherwise, in spite of 
the high melting point of the hardened fat, the soap will be soft. 
The soap should be separated only with an excess of lye. It separates 
rather badly and should be allowed to stand two or three days in the 
kettle in order to harden. A soap made from Talgol with 30 per cent 
of rosin is of fair appearance, lacking, however, the transparency of 
soap prepared with a large content of palm kernel oil. While the color 
is good, there is a noticeable dullness of surface. After drying and 
pressing it acquires a satisfactory glossy finish. While a soap made 
only from hardened fish or whale oil has practically no lathering prop¬ 
erties, the addition of 30 per cent of rosin greatly improves this defect 
and very good lathering properties result.! 

• Even if it were possible, “J. G.” statc.s (Seifen. Ztg. (1912), 1146), to split the 
fat completely on a commercial scale, the color of the fatty acids e.xeludca the direct 
application of the product in candle manufacture. He even claims that it is neces¬ 
sary to subject the saponified product cither to distillation or to pressing, and that 
in the latter case the poor crystallization of the fatty acids gives rise to difficulties. 
But he adds that the ordinary stearin candle is made up largely of a mixture of 
palmitio and stearic acid in which a certain ratio between the two fatty acids must 
exist to maintain the quality of the candle. Hence in judging hardened fat with 
reference to its application as a candle material, the composition of the original 
fat is not unimportant, for useful mixtures may well be obtained through careful 
selection of the raw materials. In those cases where the nature of the chemical 
individuals derived by hydrogenation have not been entirely made clear, as in the 
case of fish and whale oil, further practical investigations will be necessary to show 
whether or not hydrogenation will afford a generally useful product in candle manu¬ 
facture. 

t Seifen. Ztg. (1912), 870. 

A few years hence when oil hydrogenation has found its measure and the more 
important points concerning it have reached definite settlement, the allotment of 
space to a number of the discuasions appearing in this chapter hardly would be 
warranted, but at the prosent time when many arc desirous of having at hand a 
review which comprises all or nearly all the published work to date, containing 
though it does a considerable divergency of opinion, there appears ample justification 
iot tbt (inclusion of such discussions as those given above. 
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A tallow-likc product which has been brought into the market as 
“ Talgit ” is prepared by liydrogcnating fish or whale oil. Muller 
has examiiKid this product * and has reported the acid number as 12.8 
and the iodine number as 49. The fatty acids exhibited a titer of 
39.4° C. When Muller attempted to saponify the fat by the Twitched 
process, dark colored fatty acids were produced, cau.sed, it is supposed, 
by oxidation during saponification. Muller observes that copper, 
iron and lead tend to cau.se a discoloration of fat which is treated by 
the Twitchell procos,s, and he concludes that the traces of nickel which 
were present in 'I’algit acted in a similar manner. When he subjected 
the fat to cleavage by the autoclave process very light colored fatty 
acids wen; obtained. A iiressurc of 10 to 11 atmosjiheres was main¬ 
tained in the autoclave for a p<“riod of 8 hours and the resulting fatty 
acids were found to contain about 2.5 per cent of unsaponified fat. 
The following results were obtained from an examination of the fatty 


acids; 

.\fii<l number of the fatty acids . 194 0 

Saponification value of the fatty iicids. 198.0 

Titer . 39.2° C. 

Add number of the liquid fatty acid.s. 18G.3 

Saiionifi cation values of the liquid fatty acids. 191.2 

Iodine number of the liquid fatty acids.'.. . 100.0 

Titer of the liquid fatty aciAs. 14.3° C. 

Titer of the solid fatty acids. 48.7° C. 


The fatty products of the saponification pressctl very readily and 
about 35 per cent of solid fatty acids were obtained whose low titer 
(48.7° C.) indicates, according to Muller, that fatty acids in addition 
to or other thttn stearic and palmitic acids arc present, for the solidify¬ 
ing point of mixtures of palmitic and stearic acids is above 53.5° C. 
The presence of iso-oleic acid which causes a lowering of the titer of 
stearic acid obtained by distillation is not to be expected in this case, 
but Milllcr has not further investigated the acid mixture to identify 
any of its components. As the fatty acids pressed satisfactorily, 
Muller concludes that the stearic acid was technically pure, hence the 
low titer cannot be ascribed to the presence of undue amounts of 
liquid fatty acids. The expressed fatty acids, or oleic acid, obtained 
as stated above, exhibited a straw yellow color and showed the char¬ 
acteristic odor of hardened fish or whale oil. Muller states that for 
many purposes the iodine number of these liquid fatty acids is too 
high. He concludes that so far as this product is concerned the hydro¬ 
genation of the unsaturated fatty acids does not proceed successively 

• Seifen. Ztg. (1913), 1376. 
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80 as to convert all of the unsaturatcd bodies having two or more 
double bonds into bodies having only one double bond before the 
latter bodies are hydrogenated, or in other words that linoleic and 
linolenic acids are not all conv(>rted into oleic acid before stearic 
acid forms, but instead of this that reduction takes place throughout, 
so that all types of unsaturated compounds are more or less rcdu(*d 
simultaneously. This observation is of interest because, as Muller 
notes, the presence of highly-unsaturated bodies of the nature of dry¬ 
ing oils in such products is often undesirable. 

Muller prepared soap from Talgit and found it to have little or no 
detergent and lathering properties which he notes is to be expected 
with fats of this titer, and in con.sequcncc of these propcirties, prod¬ 
ucts of the nature of Talgit cannot be used as the essential fat mate¬ 
rial, but should be used only as additions to the main fat stock. 

Commenting on the observation of Miillcr regarding llio propcirlies of Talgit, 
Dubovitz (Seifen. Ztg. (1913), 1445) notes that the investigation of the fatty acids 
of hardened fwh oil indiaiUis that there is present an acid whose molecular weight 
ia Icaa than that of i)almitie acid. .-Vlso it is stated that it is possible to obtain stearic 
acid or atearin having a titer of 03 to 55 degrees from strongly hardened fiah oil 
simply by pressing, 

Milller (Seifen. Ztg. (1914), 8) discusses the comments of Dubovitz and i>ointa 
out that mixtures of two saturated fatty acids crystallize well fi-om the st(^arin 
manufacturer’s point of view, while mixtures of three or more fatty acids as a rule 
produce an amorphous mass. 

The contention of Dubovitz that the low titer of stearin can bo explained by 
the presence of saturated fatty acids with leas than 16 carbon atoms in the molecule 
and derived from the corresponding unsaturated compounds by hydrogenation 
rests on the assumption of the existence of just such unsaturatcd fatty acids, or 
their glycerides, in fish oils. Proof of this is said to be lacking up to the prescuit. 
Even the presence of hypogeie and physidoleic acids in these, oils is still doubted. 
It is held that the low titer of the stearin in question was due to the presence of 
unsaturatcd fatty acids. (Seifen. Ztg. (1914), 33.) 

In discussing the distillation of fatty acids, Hajek* states that 
some difficulties are encountered when working up hydrogenated oils 
to produce fatty acids. He states that all fats which are treated when 
hot with air or other gases for a considerable length of time, after auto¬ 
clave saponification, yield dark colored fatty acids and that this dis¬ 
coloration is due to a chemical change which takes place in coloring 
agents present, similar in character to that which occurs in the distil¬ 
lation of fatty acids at elevated temperatures, or with an insufficient 
proportion of superheated steam.f 

* Seifen. Ztg. (1913), 445. 

t The idea which has been entertained that hardened triglycerides could be directly 
used far cajidle material is out of question, as no one would care to inhale the vapors 
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Normann has made candles with stock obtained from hardened fish 
or whale oil which burned brightly and without odor, similar to the 
best grade of stearin candles.* 

The properties of hardened castor oil have been noted by Garth.f 
As is generally known, castor oil differs in many respects from other 
common oils in such respects as its high viscosity, solubility in alcohol 
and difficulty of salting out its soaps by electrolytes. The constants 
of one sample examined by Garth arc as follows: 


Acid number. 3. .5 

Saponification number. 183..5 

Iodine number. 4.8 

Acetyl number. 153. .5 

Acct.yl number of the fatty acids. 143.1 

Acid number of the fatty acids. . 184 .5 

Saponification numlier of th(^ fatty acids. 187.9 

MeltiuR point of the fat . . . 08° C. 

Melting point of tiie fatty acids. . . . 70° C. 

Melting point of the acctylatisl acids . . 47° C. 


These results indictite that the saponification and acetyl number 
do not change. The difference between the acid number of the fatty 
acids and their saponification number points to the formation of 
lactones. 

From the point of view of soap technics, it may be noted that the 
hardened product saponifies with dilute lye about as easily as common 

coming from candles in which acrolein was being generated. Any largo proportion 
of nickel in the fat would also interfere with the burning qualities. (Sach, Zeitsch. 
f. angew. Chem., 1913, No. 94, 784.) 

The slight lathering properties of soap made from hardened Iran is to be expected, 
because this fat finds its analogue in tallow. Pure tallow soap.s are very difficultly- 
soluble and lather very poorly so the same property may be looked for in hardened 
fish oil or whale oil. (Seifen. Ztg. (1912), 1003.) 

The dark colored soaps whieh have been noted by some users of hardened oil 
may be duo to traces of nickel soap in the oil which react with sulfur compounds 
in the lye, resulting in the formation of nickel sulfide and consequent discoloration. 
(Seifen. Ztg. (1912), 1003.) 

The odor of hardened Iran is very much like that of distilled oils and recalls 
the penetrating disagreeable odor which is observed in distillation works and which 
is apparently due to the partial decomposition of fatty acids with the production 
of acrolein bodies. Odors of this character materially affect the quality of the soap, 
but this trouble may be avoided if greater care is taken in the hardening process to 
avoid over-heating of the oil or fat. By skillful working at not too high a temper¬ 
ature, the disagreeable odor does not appear and the tran is rendered completely 
odorless. From this product a soap may be made which is beyond criticism. 

• Seifen. Ztg. (1914), 263. 

t Seifen. Ztg. (1912), 1309. 
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castor oil. Further, soap prepared from the hardened product, in 
spite of its high melting point, like castor oil soap, has a similar lack 
of sensitiveness against salt solutions and behaves in this respect 
like the fats of the cocoanut oil group. Like the fats of the latter 
group, the hardened fat may be saponified at a temperature of about 
80° to 90° C. While a soap with 30 per cent fat content made from 
ordinary castor oil is liquid, the corresponding soap from hardened 
castor oil is very firm, but the latter soap does not possess the prop¬ 
erty of lathering in the least. 

With regard to tariff rating on hardened oil Bohm * thinks beyond 
question the hydrogenated product should not be declared and rated 
like the untreated oil and draws an analogy between raw oils and 
their hydrogenated products and formaldehyde or acetaldehyde which 
yield chemically different bodies, respectively methyl and ethyl alcohol, 
by taking up hydrogen. 

It is contended f that Bdhm’s illustrative use of formaldehyde, 
which body through the addition of two atoms of hydrogen is trans¬ 
formed into methyl alcohol and thus into an e.s.sentially different 
body from the tariff point of view, is not entirely analogous with 
respect to hardened oils, for oils are not unitary chemical individuals, 
but are mixtures of triglycerides of various fatty acids. Also it is 
held that hydrogenated oils are not es.sentially single chemical individ¬ 
uals. like tristearin, but are mixtures of various fatty acid triglycerides 
in which mixtures, of course, tristeariii is present in much greater 
quantities than in the original oil. A differentiation for tariff pur¬ 
poses on the ground of chemical composition is thus practically im- 
possible.t 

Dr. Bela Luch, in the Scifen. Ztg. (1912), 1245, disnuBBes American soap manu¬ 
facture and refers to the Pels Naptha Soap Works of Philadelphia, as being users 
of hydrogenated oil. He says that Fels Naptha soap contains from 10 to 15 per cent 
of benzene of high boiling point, and that the raw materials are in a large part cotton 
and corn oil. Only a relatively small proportion of hard stock, such as tallow or 

* Seifen. Ztg. (1912), 738. 

t Seifen. Ztg. (1912), 1003. 

t An article by Ilarmsen (Seifen. Ztg. (1913), 638-39 and 661-62) discusses the 
matter of tariff adjustment of hardened fats, and he states that by the hardening 
operation the consistency and other qualities of the oil are so modified that a recog¬ 
nition of its origin is in most eases impossible either by taste, smell or ohemioal 
teat. Chemical analysis can determine only whether the fat is of animal or vegetable 
origin. The Hamburg authorities have arrived at the conclusion that hardened 
fat or oil must be taxed according to the properties and quality acquired by harden¬ 
ing. Harmsen also discusses the position of Talgol from the tariff standpoint in 
Seifensieder Zeitung (1913), 743. 
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palm kornol oil, is used. The amount of tliis material employed is, however, reduced 
because this concern has been able to make, use of hy<lroKcnale(i oil, a material 
which they have thorouj^hly tested. At this |)lant Lach states In; saw samj)l<‘s of 
hardened cotton and corn oil, as well as varioas kind; of hardened fish oil which 
were of a remarkably fine character. They had the hardncsis and appearance of 
fine tallow, were beyond criticism as to odor and could be worked up into a soap in 
a sati.sfactory manner. 

A hardened oil of relatively low titer, bearing the trade name of “Krutolin” (or 
Crutolin),* is discussed in the Seifensieder Zeitung (1913), 930 and 954, and as some 
of the observations may be of use in the handling of other more or less similar hydro¬ 
genated products the following data is here included. 

On account of the great demand for good fats and oils in cdible-fat manufacture, 
the prices of these have increased very materially, and it has become continually 
more difficult to obtain fats which remain white on boiling. Therefore hardened 
oils such as Krutolin, w'hich may be obtained of uniformly good qu.ality, promise 
to be of decided utility. It is said that Kriibdin has the odvantag;; of being cheaper 
than lard and cottonseed oil, and that in addition it is, as has been proven by long- 
continued experiment.s, a good substitute for lard and white cottonseed oil. When 
used for barrel soaps, Krutolin, alone, has a tendency to form sirupy, stringy soaps. 
Therefor(!, it is desirable to supplement it by the proper addition of other fats. In 
practice it has been shown that the danger of “lengthening” of unfilled white soft 
soaps is greater than when more or less ijotato flour is used as a filler. Hence it is 
recommended that the percentage of Krutolin employed be kept somewhat lower 
for such unfilUsl products. 

As mutton tallow, cottonseed oil, peanut oil and lard, or their fatty acids, in Ger¬ 
many are the usual or principal raw materials for white soft soap, it is stated that 
under present market conditions a considerable saving is attained in the manufac¬ 
ture of soaps if these fats are replaced, even only in part, by Krutolin. In combi¬ 
nation with the above-named raw materials Krutolin furnishes a very white soap for 
both unfilled or filled goods. It is self-evident that a primary condition for the 
production of a totally white soap is cleanliness of working. Furthermore, it is 
necessary to pay attention to the alkali and especially the potato flour a.s these are 
often of varying origin, and are not always suitable. Many SO-degree caustic 
imtash lyes give perfectly water-white solutions when diluted; others, however, show 
a yellow tone. With filled .soaps the quality of the potato flour has a strong influ¬ 
ence on the character of the finished product. Every shipment should be tested 
for color and to ascertain whether the flour has been treated with acid. Potato 
flours containing acid are to be excluded for filling white soft soaps, as they produce 
an after-darkening. The kind of water used also has some influence on the color 
of these soaps. 

A stock for unfilled figged soap containing Krutolin follows: 

1500 kg. mutton tallow 
900 kg. cottonseed oil 
600 kg. Krutolin 
i)bo kg. 

On account of the high titer which mutton tallow possesses and in recognition 
of the fact that Krutolin easily favors the “lengthening” of the soap, one must 

* Krutolin is stated to be a substitute for “technical" lard and American cotton 
oil (Seifen. Ztg. (1913), 1386). 
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from thn beginning eoiint on a strong increase of carbonated alkali to reduce the 
causticity of the caustic potash lye. It is possible, in the above stock, to use 30 kg. 
96 to 98 per cent potash to 100 kg. of SO-di^grec caustic potash lyc. It will often 
be advisable, especially (luring the warm season, to substitute ammonia .soda solu¬ 
tion for a part of the potash solution, in order to secure an easy and rapid figging of 
the soap. 

After completion of the boiling, samples are to be carefully tested to ascertain 
if the soap has been sufficiently shortened by carbonated alkali. SampUn placed 
on glass must remain liquid a long time, and on stirring after cooling must not show 
any stringiness. Should the soap still remain tough and gum-like a later addition 
of concentrated potash or soda .solution is necessary in order to produce a satisfac¬ 
tory product. On account of the large amount of carbonated alkali which can be 
absorbed, the yield of this soap is very good. 

The mutton tallow can be omitt(;d and a somewhat larger amount of white lard 
substituted. The composition would th(‘n Ik- about as follows: 

1600 kg.lard 
7!y0 kg. eottonsfii'd oil 
650 kg. Kmtolin 
3(K)0 kg. 

As lard has a considerably lower titer than mutton tallow, the amount of shorten¬ 
ing material used with this stock must be decrca.s(-d accordingly. With th(' stock 
first given, which contained a large amount of mutton tallow, additions of caustic 
soda lyc were not necessary, but in this case, where softer fats form the basis, it is 
advisable to add about 20 per cent of caustic soda lye in the boiling. The neutral 
fats in this stock can be replaced by fatty acids, but as .soap.s from neutral fats arc 
whiter, this is not to be recommended. A moderate filling with flour is advanta¬ 
geous when using fatty acid stock. A figged soap with a little filling can hardly bo 
distinguished by visual examination from one which is unfilled. For the above 
stock of 3000 kg. the following filler is recommejidcd; 

300 kg. best potato flour. 

600 kg. 12-degrce potash solution. 

300 kg. lye, .30” B6. 

The filler is to be added in the morning if the soap has cooled sufficiently over night. 
The soap is perfumed with sal-ammoniac, turpentine, safrol, oil of camphor, lemon 
oil or suitable mixtures of the,se. 

For a first-class “sal-ammoniac-turpentine” soft soap, where, particular value is 
laid upon the resulting white color, and less on the figged effect, mutton tallow and 
cottonseed oil may bo left out and Candelite and Talgol substituted in part therefor. 
The composition would then be the following: 

2000 kg. Krutolin. 

1000 kg. Candelite. 

For the reduction of the causticity 30 kg. potash should be used to every 100 kg. 
50-degree caustic potash lye. On boiling about one-third caustic soda is to bo added. 
To the latter 26 kg. ammonia soda are added to every 100 kg. soda. These alkalies 
are dissolved separately, mixed and the lyc diluted to the required strength. 

The above stock gives a soap of special toughness. Therefore, it may be neces¬ 
sary to add more or less soda or potash solution according to the result of tests made 
from time to time, until the soap possesses the desired normal characteristics. '“Sal- 
ammoniac turpentine soap” made according to this formula possesses a very white 
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color and by use of first-eUwa ])()tato flour can be lillwl up to 25 per cent without 
influencing the color. 

The filler m made up an previously mentioned, but must have an addition of 
potash filler. Its make-uj) thus becomes: 

750 kg. potato flour. 

1500 kg. 12-dcgroe potash solution. 

375 kg. potash filler. 

750 kg. 30-degree “ take-off lye. 

In order to more surely prevent the lengthening of the soap ammonia-soda solu¬ 
tion also may be used in part in the filler inst(‘ad of potash solution. For second 
and tlurd quality soap which can be filled in a similar manner with 50 and 75 per 
cent of potato flour, the formula and boiling remain the same. These filled “sal- 
ammoniac turpentine” soaps should be perfumed rather strongly with sal-ammoniac 
and some turpentine, for prospective purchasers judge the soap not only by its 
white eolor. but also by the more or less strong ammoniacal odor. 

As already mentioned, the yiehl of such soafw is sahl to be increased by the use 
of Krutolin. This is explained by the, inoreaswl ability to lake shortenens. For 
example, a “sal-ammoniac turpentine” soap filled with 50 per cent potato flour, 
gai^e a yield of about 250 per cent. 

Krutolin is not available for natural grain and green soft soaps, as here its qual¬ 
ities do not make it a .substitute for either tallow or linseed oil Tallow Is nece8.sary 
for natural grain soa|)s; at least up to now it has been impossible to produce a 
faultless grain formation with Krutolin or Talgol. Krutolin Is also not suited for 
a perfectly clear trans])aront soft .soap. 

lYoni long continued tests in a large way it has been shown that Krutolin can 
also be added to the stock used in making bar soa])s, insuring light color with good 
pressing (|ualitios. 

A stock giving a light yellow soap whieh presses well, is the following: 

1200 kg. Krutolin 

1200 kg. fatty acids of Talgol 

300 kg. fatty acids of by-product cocoanut oil 
_300 kg. fatty acids of palm kernel oil 
30mkg. 

450 kg. rosin = 15 per cent 
^50 kg. 

Under normal treatment and good cooling the above stock will furnish a soap of 
adequate firmness. Of course, the amount of rosin added has an important influ¬ 
ence on the solidity of the soap. With large amounts of rosin the use of soft fats 
must be minimized, as otherwise there is danger of obtaining too soft a soap in spite 
of the cooling treatment. 

A stock with 20 per cent rosin has the following composition: 

800 kg. Krutolin 

600 kg. fatty acids of light bone fat 
1000 kg. fatty acids of Talgol 

300 kg. fatty acids of by-product cocoanut oil 

300 kg. fatty acids of palm kernel oil 
3000 kg. 

600 kg. rosin ® 20 per cent 
3600 kg. 
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To obtain sufTiciently solid soa])s it is important to separate sharply on salting out 
so as to secure a good grain. By doing this the appearain^e of cake soap may bo 
somewhat marred. This, it is further stated, is not to be feared so much with cooled 
soaps, as undesirable segregation cannot occur to any material extent during the 
rapid solidification. This is one of the main advantages of cooling machines in 
addition to the rapid production of goods ready for shipment. If only by-product 
oocoanut or j)alm kernel oil from edible fat manufacture are to be used for the stock 
instead of the best palm kernel fatty acid, it will be necessary to reduce the propor¬ 
tion of rosin as the resulting soap may otherwise be too soft. These by-product 
cocoanut or palm nut oils almost always contain sesame or other similar oils, ami 
influence the soap produced from them. When Krutolin is used in this manner it 
is advisable to perfume with safrol, lemon oil, etc., before cooling in order to cover 
the peculiar odor of this raw material which is disagreeable to some pCK^ple. 

For settled yellow rosin grain soaps Krutolin can also be used to advantage as 
it improves the base for later coloring. The action of crude palm oil used for color¬ 
ing v-’ill he materially stronger with a clear soap base, than if, for instance, dark 
bone fat has produced a base difficult to cover. 

The composition of the stock is the following: 

600 kg. by-product cocoanut oil 
900 kg. Krutolin 

COO kg. fatty acids of light bone fat 
450 kg. fatty acids of Talgol 
450 kg. crude palm oil 
3000 kg. 

000 kg. rosin - 20 per cent 
3600 kg. 

Here also the condition of the finished soap must be the regulator for its com¬ 
position. For instance, if the soaf) is too soft, the percentage or rosin or Krutoli-i 
is to be reduced. 

Krutolin also finds a use in making white wax grain soaps and various grad(‘S ( ' 
textile soaps. Where the kind and color of the soaps allow, as has been rcpcat(HUy 
found with textile soaps, Krutolin should be split, in order not to lose the glycerine. 

Krutolin can be used to advantage as an addition fat in making 
soaps by the cold process, although care should be taken in its us('. 
With unfilled toilet soaps about 30 per cent Krutolin may be used 
with about 70 per cent of cocoanut oil. If the soap is to be filled, 
the percentage of Krutolin should be correspondingly reduced, since 
otherwise the soap would suffer in appearance and would be poorly 
bonded.* 

In preparing a white soft soap Bergo (Seifen. Ztg. (1913), 1220) uses 1000 kg. 
fatty acids of cotton oil to 200 kg. of Candelite. 900 kg. of 30® B6. caustic potash 
lye and 300 kg. of 25® B^. caustic soda lye are used together with 100 kg. of car¬ 
bonate of seda lye of 30® B4. The caustic potash lye is reduced with carbonate of 


Seifen. Ztg. (1914), 8. 
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potash solution. The lyes are put in the kettle first, the fatty aeids slowly added 
and then the Candelite,* (Chein. Abs, (1914), 588.) 

Hydrogenated linseed oil has been put on the market under the 
name of “Linolith” by the Germania (ilwcrke.f Two grades are 
manufactured. One grade has a mtdting point of 45° C'., and the 
other melts at 55° C. Both grades show a saponification number 
of 188 to 195 and a glycerine content of 9 to 10 per cent. Linolith 
has not been used extensively in white soaps as it is off color, but is 
serviceable for the preparation of rosin or “Eschweger” soaps and the 
like. Whil(! the raw material, linseed oil, is liable to cause yellowing 
or after-darkening of soaps or the sweating out of drops of a yellow 
liquid, the hardened oil is thought to be free from these objections, 
but caution is advised in its use until thorough tests have been carried 
out.f 

Soaps made with hardened linseed oil (Linolith) and rosin arc of good 
quality and the odor and color are excellent.§ The following formulae 
have boon tested; 

* The character of .soajw luadc from hardened oil in conjunction with cottoneced 
or peanut oil is discussed in Dcr Soifenfabrikant (1913), 31. 

t Talgol, Candelite, Krutolin and Linolith have taken a place in the Gorman 
market ami are listed amonn the fats regularly quoted. (Sec Sdfen. Ztg. (1913), 
138(1.) 

In Gorinany the i)rice of fish and whale oils fluctuates to sonic extent with that of 
linseed oil by reason of the demand for these oils by oil-hardening concerns. (Scifen. 
Ztg. (1913), 138.5.) 

Linseed oil is in increased demand for the manufacture of hardened oils and edible 
compounds. It is stated that in North America this oil promises to become an im¬ 
portant raw material for the hydrogenation inilustry. (Scifen. Ztg. (1913), 1277.) 

R. IT. Adams, president of the American Linseed Company, attributes consider¬ 
able importance to the harilening process as applied to linseed oil. “ The hydro¬ 
genation process,” Adams states, “is merely in its infancy and is bound to exert a 
Iiowerful influence upon the oil markets, and will prevent the price of linseed oil from 
ever going to the low levels which have been reached in certain years of the past.” 
Ho states that the process would not affect linseed oil alone, but as the process wai 
applicable to other vegetable oils and to fish oils, the question of comparative prices 
would largely determine the extent of consumption in the case of each oil. The 
increased outlet for linseed oil afforded by virtue of the hydrogenation process was 
generally credited to the soap trade. While consumption of oil for soap-making pur¬ 
poses undoubtedly has increased, Adams states that another outlet, and one which 
may assume very large proportions, is found in the edible trades, and even now large 
quantities of linseed oil are being thus consumed on the Continent. (0. P. & D. R., 
March 10, 1914.) 

t Seifen. Ztg. (1913), 1299. 

§ Seifen. Ztg. (1914), 231. 
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Linolith, M. P. 45® C., or its fatty acidH.. 

1600 lb.s. 

1000 lbs. 



Linolith extra, M. P. 55® C., or its fatty 


! 



acids. 



1500 lbs. 

1500 lbs. 

Fatly acids of palm kernel oil. 

400 

200 

400 

300 



200 



Fatty acids of peanut oil. 


300 

500 

500 


500 


:^oo 


Soft fat. 

500 

700 

300 

700 

Rosin .. 

750 

1050 

900 

1200 


The fatty acids were saponified with carbonate and the neutral fat 
with 30 degree caustic soda. The Linolith extra was found capable of 
carrying a higher proportion of rosin than the regular Linolith. 

Linolith does not exhibit any marked odor such as is observed in 
the case of much of the hardened fish oil on the market and is regarded 
as suitable for the manufacture of white grained soaps.* The follow¬ 
ing procedure has been tried and a satisfactory product obtained. 
50 parts of Linolith, 10 parts of a tallowy fat and 40 parts of fatty 
acids derived from a vegc'table oil were employed. The Linolith and 
tallowy fat were saponified and it was noted that saponification pro¬ 
gressed rapidly. The product was bleached with Blankit and salted 
out. After settling it was combined with stock derived from the 
separate saponification of the vegetable oil, and well boiled and salted 
out. The soap was duly grained and afforded a product of excellent 
feel and good odor. The color was not a pure white. 

The difficulties in using hydrogenated linseed oil (Linolith) in white- 
grained soaps, according to Wilhelmu.s,t have been that the color was 
not sufficiently light and the lathering properties were deficient. The 
texture of the soap was unsatisfactory and cracks occurred on standing. 
In investigations directed toward the elimination of these objectionable 
features Wilhelmus found that much depended on the manner of cleav¬ 
age of the hardened linseed oil. While with autoclave treatment 
saponification to the extent of 88 to 90 per cent gave fatty acids of good 
color, it was not found feasible with the Twitchell reagent to exceed 
80 to 82 per cent, as the resulting fatty acids otherwise wore too dark 
for white soaps. Pfeilring reagent afforded bettor results and Wilhel¬ 
mus regards this cleavage compound to be of specific value in splitting 
hardened oils. Benefit is derived by adding to hydrogenated linseed 
oil a quantity of an oil, such as peanut oil, which splits easily, yielding 
light colored fatty acids. By subjecting the hardened oil to cleavage 
under these conditions a better grade of fatty acid may be obtained. 

* Seifon. Ztg. (1914), 140 and 167. 

t Seifen. Ztg. (1914), 257. 









USES OF HYDROGENATED OILS 


38!) 


In making the soap about 40 per cent of hydrogenated linseed oil 
(Linolith) may bo employed. After saponification with alkali and 
graining in the kettle, the product is bleached. For this purpose a 
bleach consisting of 91 parts of water, 5.8 parts of sodium bisulfite, 2 
parts of sulfuric acid and 1.35 parts of zinc dust are used for 1000 parts 
by weight of the fat. The use of soap-cooling apparatus, in place of 
frames, enables a better control of the color. The addition of 10 to 
15 per cent of castor oil improves the solubility and lathering qualities of 
the soap. 15 jjer cent of castor oil is the maximum.* If still higher 
lathering properties are required “Saponin” powder may be added. 

* The preparation of soaps with fatty mixtures consisting of saturated fate, such 
as those derived by hydrogenation, with unsatur.ated fats or oils has been made the 
})asis of an application for German Patent by Worms and the novelty of the idea is 
criticized in Soifensiedcr Zoitung, 1914, 392. 



CHAPTER XVI 


USES OF HYDROGENATED OILS AND PROPERTIES OF 
CERTAIN HARDENED PRODUCTS 

Ittner * states tliat tl>e hydroRenation process has boon worked 
out by a number of soapmakers, that hydrogenated oils have bc-en 
and are used on a comparatively large scale in soapinaking but 
that their principal employment up to the j)resent time has been in 
the manufacture of edible fats. 

The hydrogenation process has reinstated whale oil as an important 
fatty commodity. The Oil, Paint and Drug Reporter f alludes to 
the status of tliis oil as follows: 

“ About fifty years ago whale oil found an extensive sale for illuminating and 
lubricating purposes. So estaliliahed liccainc its use as a inirning oil, stones 
are told that concern was sonietiines expressed as to the means of future lighting 
when the supply of whale oil .should be exliausted. Stocks of the oil were in 
the early days occasionally insufficient for the demand and there was apparently 
some color to these fears. With the arivance of the petroleum industry and 
the assurance of relatively low cost of burning and lubricating oils, the whaling 
industry was confronted with a power that was destined to undermine its 
staunchest support, and gradually it had to yield to the overwhelming economic 
force until about five years ago when another shift in the fortunes of trade 
opened new and unexpected opportunities for whale oil. The restoration came 
through the successful development of the hydrogenation of oils, which has 
enlisted foreign interests in the whaling industry on a large scale, and the pro¬ 
duction has reached under modern methods limits that can put to blush the 
records of early years. According to the latest statistic.s, the world’s annual 
output of whale oil amounts to more than 800,000 casks. Instead of illuminat¬ 
ing our darkness, it now serves mankind liberally as a soap material, for which 
field it is well adapted, while some measure of success has been attained through 
the hydrogenation process for edible requirements,! In place of the old whaling 
schooners modern vessels are now employed and present refining methods are much 
more scientific and capable.” 

The reduction of clupanodonic acid by means of hydrogen and colloidal 
palladium yields stearic acid and a mixture of saturated acids of low melting- 
point. From this and other observations the view is advanced that clupano- 

• J. Ind. Eng. Chein,, 1915, 936. 

tJan. 25, 1W5, 9. 

t In view of the stringency in Germany of consistent fats, brought about by the war, 
the use' of hydrogenated fish oil or other liardened oil is advanced as fitting. Chem. 
Ztg., 1.914,1131 andScifen Ztg., 1915, lUll and 1132. 
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donic acid contains a mixture of isometric tetra olefine carboxylic acids, in part 
having branching hydrocarbon chains.* 

The results of hydrogenating torpedo liver oil are reported by 
White.f The oil was hydrogenated at a temperature at 200° C., in 
the presence of reduced nickel supported on a.sbestos. Hydrogen 
was simply bubbled through the oil which was placed, in a ves.sel 
heated by an oil bath. An oil of pleasant nutty odor was prepared 
by hydrogenating for a few hours. 

According to TsujimotoJ oils from the livers of different species 
of Japane.se sharks contain a large proportion of unsaturated hydro¬ 
carbons, up to 90 per cent in the case of Squalus Mitsukuri. The 
chief constituent is a hydrocarbon, CsuH.'io, which is a colorless oil, 
with sp. gr. 0.8587 at 15° C. It has pronounced drying projierties 
and forms a bromine addition compound, GsnH.'icHrci, and a hydrogen 
addition compound, CsoHca. The name “squalene ” is suggested for 
this hydrocarbon. 

Hydrogenation Procedure.—3..3115 g. of the hydrocart>on.s of shark-liver oil § 
were dis,solved in 30 ce. of ether in a shaking Imttlc. To this solution 0.5. g. 
of Loew’s platinum black was added. The bottle was then connected to a gas 
burette, which, in turn, was connectetl with a hydrogen holder. Hydrogen 
was prepared from pure zinc (Merck) and dilute sulphuric acid, and l)efore enter¬ 
ing into tile burette, it wa.s washed and dried I>y bottles containing a solution 
of potassium permanganate and concentrated suljihurie acid. By vigorously 
shaking the bottle, hydrogen was conducted into it under the mercury pressure. 
After two hours forty minutes, the alisorption ended; the volume of hydrogen 
absorbed, together with a little leakage, was 1120 cc. The hydrogenated com¬ 
pound, left on evaporating off ether, was found to be a colorless oil, resembling 
in its appearance tlie so-called liquid paraffin. It has the following properties: 
Sp. gr. at -V° G., 0.8125; b.p. (10 mm. pressure) 274° C.; solidifying pt.; 
at —20° C. it remained clear and mofiilc; 80° — C., solidified to a transparent 
jelly which at —35° C. regained its mobility; ref. index at 20° C., 1.4525. It 
was not readily acted on by concentrated sulphuric acid, even at 100° C. 

Elementary Analysis.—( 1 ) 0.1610 substance gave 0.5022 CO., 0.2114 HjO. 

(2) 0.1910 substance gave 0.5959 COj, 0.2523 HiO. 

C=85.07, 85.09 per cent; 11 = 14.69 per cent, 14.78 per cent. 

CmH «2 requires 0=85.21 per cent, H = 14.79 per cent. 

Molecular weight determination, by freezing-point method, 0.2982 substance 
in 11.1030 benzol, d=0.31° C. Mol. wt.=433. 

CjoHjs requires mol. wt. =422.5. 

The substance has, therefore, I)een confirmed to be a compound of the em¬ 
pirical formula C 30 HB 3 . As CsoHe., is of a type of the general formula CnH 2 n-i- 2 , 
it appears that the hydrocarbon CjoHio belongs to the aliphatic compounds. 

* Seifen. Ztg., 1914, 1072; Riedels Berichte. 1914. 
t Transactions American Fisheries Society, December 1914, 88. 
t J. Chem. Ind. Tokyo, 1916, 19, 277; J. S. C. I„ 1916, 609. 

§ Tsujimoto, J. Ind. Eng. Chem., 1916, 889. 
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As to the uses ol the hydrocarbon, Tsujimoto states that only a brief 
investigation has been made as yet. It may be mentioned, however, that for 
technical purposes, the hydrocarbon may l)c used for paints, varnishes, lith¬ 
ographic inks, and oil colors. The hydrogenated product., which, in its appear¬ 
ance, is very similar to so-called liquid paraffins and, at the same time, far 
more stable for cold, will he a useful material for lubrication of machines. 

The medicinal use of the hydrocarbon, possible for the same ptirposc as cod- 
liver oil, will perhaps 1 k! moat interesting, but careful researches are necessary to 
settle this question.* 

Calamary oil f is obtained from the internal organs, especially 
the livers, of various species of cuttle-fish. The oil, especially the 
refined, is easily hydrogenattkl by nickel catalyzer, giving, according 
to Tsujimoto, a white tallow-like fat of M.P. 43 to 44° (1. and iodine 
value of 49.25. Tsujimoto believes the chief use of the oil will 
probably be as a raw material for hardened oils, as its price is below 
that of other fish oils. 

Some details of the work of Tsujimoto on clupanodonic acid are of interest 
in view of the present extensive application of the hydrogenation proce.ss for 
the dcodorization of fish and whale oils (see page 3G0). Tsujimoto t ha.s ob¬ 
served n rough relationship between the amount of odor of an oil and the degree 
of unsaturation. The author attributes the disagreeable odor of marine animal 
oils largely to the presence of glycerides of highly-unsaturated fatty acids, espe- 
fatty acids, especially those of the .series CjH 2 n-iO!. Thus, Japanese sardine 
oil, which contains a large proportion of clupanodonic acid, has a much more 
pronounced fishy odor than herring, whale, dab, or turtle oils, which contain 
less of that acid. This was supported by the fact that on treating a solution 
of the fatty acids from Japanese sardine oil with bromine, filtering off the 
insoluble octobromide, and reducing the brominated fatty acids in the filtrate. 
The acids olitainod were practically free from the original unpleasant odor, 
though still possessing an odor. The precipitated octobromide was odorless, 
but when reduced with alcoholic hydrochloric acid and zinc dust, it yielded 
clupanodonic acid with the characteristic fishy odor of the oil. Tsujimoto, 
therefore suggests that future investigations of the problem of deodorization of 
these oils should aim at either the complete removal of glycerides of the clu¬ 
panodonic acid scries or of their conversion into non-odorous compounds. 

As yet no satisfactory method of extraction of the clupanodonic acid has 
been found, but the hydrogenation process has accomplished the alternative 
which Tsuj pioto advanced. 

In a discussion of the fish-oil industry in Hokkaido (Japan), 
Ueno I observes that the body oils of herring, sardine, flat fish, 
sculpin, etc., which arc obtained in that locality, are of inferior 
quality and are used in the hardened oil industry. 

♦See also Cliem. Abs., 191H, 1004. 

t Tsugimbto, J. Ind. Eiig. Chem., 1916, 801. 

tJ. Coll Eng.. Imp. Univ., Tokyo. 1908, 4, 181-191; J. 8. C. I., 1909, 316. 

I J. Chem. Ind, Japan. 1915, 798; Chem. Aba., 1910, 635. 
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Evidently, in the soap industry, hydrogenation has created very 
little sensation in this country, Schuck states,* and he doubts if the 
majority of soap manufacturers have shown an absorbing interest 
in this question as they have not been forced to accept hydrogenar 
tion as a fact to be reckoned with in the manner the soap manu¬ 
facturers on the other side of the ocean have had to do. 

Two years ago when hydrogenated fats were put on the European market 
in large quantities they were received with a good deal of skepticism, no doubt 
due to the novelty of l.he thing, and t.hen the price was not attractive enough in 
comparison to the disposable raw materials. Since then, palm-kernel oil, Ceylon 
cocoanut oil, w'hite greases, etc., have gone up in price to such an extent that 
the soap manufacturer was only too willing to try his luck with hydrogenated 
fats. It is indeed, an accomplishment, Schuck states, to produce a very satis¬ 
factory base soap for t.oilet .soaps from hardened whale oil when we consider 
that only a few years ago such an oil w'ould have berm totally unsuitable for 
either toilet or laundry snaps. It is quite evident that a white soap, for in¬ 
stance, made from hardened whale oil alone would be just as unsuitable for 
the trade as one made from a high-titre tallow. The soap would hardly lather, 
would be too brittle and would crack. Mistakes were made at first by taking 
toe high a percentage of hardened fat. until experience taught a successful blend¬ 
ing of 30 to .50 |)er cent of the latter with 70 to .50 per cent of a softer-bodied 
fat or oil. A fat composition of 50 i)or cent of the hardened oil, 20 per cent 
palm-kernel oil or cocoanut oil and 30 per cent peanut oil has proved to be 
a splendid formula for white .soa[)s. The very fact that this hardened whale 
oil had to be blended with soft-bodied oils and fats in order to produce a soap 
easily soluble in water made the manufiacture of rosin soaps that much easier. 
In European countries soapmakers do not use such high percentages of rosin in 
their laundry soaps as we do here, and a percentage of 40 per cent rosin is 
considered there extremely high. 

Below is a formula of a rosin soap, typical of the German pale yellow soaps; 

1500 lb. hardened linseed oil (linolith) fatty acids. 
500 lb. peanut oil 
700 lb. soft-bodied grease 
300 lb. palm-kernel oil 

3000 lb 

1200 lb. rosin=40 per cent 

4200 lb. 

Prior to the advent of the hydrogenation proceas, Schuck observes, linseed 
oil was used almost entirely for soft potash soaps and whoever tried to use it 
in laundry soaps, even in very limited quantities, was sadly disappointed. The 
trouble resided not alone in its soft-bodied character, but in the fact that the 
unsaturated linolic and linolenic acids produced in a short time yellow and 
brown spots on the surface of the soap and made it quite unsalable. Hero also, 

* Soap Gazette and Perfumer, 1914, 419 * 
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Bays Schuck, hydrogenation has done wonders. It changed the physical char¬ 
acter of the oil entirely. Consider, on the one hand, the fast drying, soft- 
bodied, yellow and fishy-smelling linseed oil and, on the other hand, the hard¬ 
ened product, white, hard, non-smelling and suitable for any kind of soap, be it 
laundry or toilet soap. Experience has proven that even on long aging the 
characteristic yellow and brown spots of the linolic and hnolenic acids do not 
appear on soaps made from hardened linseed oil. 

Soaps made from hardened linseed oil showed at first a slight reddish discolora¬ 
tion, but this was rather the fault of inexperienced settling of the soap than of 
the fat itself. The brittleness of the soap which the first batches showed was 
subsequently overcome by a proportionate blending of linolith with peanut oil or 
castor oil. Castor oil soaps have the peculiar faculty of remaining liquid even if 
highly concentrated and for that reason are splendid supplementary soaps to 
those made from hardened fate. The percentage of castor oil need not exceed 
IS per cent to result in a soap which is easily soluble in water and which pos- 
seases very good lathering qualities. Schuck concludes with the suggestion of a 
prophecy that the time may not be so far off when hydrogenated raw materials 
will be as universally used in this country as abroad and that fore-knowledge 
is very often half of the battle. 

At one time, Knorre * observes, it was thought that hardened oils 
would displace all other fats in the soap industry but the difficulties 
encountered with hydrogenated fish and whale oil in soap making 
changed this view. 

Soaps made from the latter fate were " stone-hard,” very brittle, were pressed 
with difficulty and lathered poorly. The odor of the soap was unpleasant, 
especially after keeping for a considerable time, the initial white color changed 
to yellow, yellowish red or brown and on the surface of the cakes varmsh-like 
exudations of strong odor appeared. Samples of grained soap of a neutral char¬ 
acter, firm consistence and good tallowy odor, prepared from hardened train oil 
on keeping for a few weeks in a closed box, changed materially in this time. 
The cakes were fissured, the color was a rusty brown and the odor was disa¬ 
greeable. For these reasons hardened fish and whale oil can be recommended 
for use in soaps only in moderate amounts. The allegation that these hardened 
fats serve as substitutes for palm kernel and cocoanut oil is without support. 

Fatty acids can be obtained from hardened fats by autoclave, Twitchell or 
ferment cleavage. In the autoclave process, zinc powder is the best cleavage 
agent because the resulting fatty acids are the least discolored. When decom¬ 
posing the products of the autoclave treatment with sulphuric acid, agitation 
is secured by means of a current of air. The glycerine obtained is of good qual¬ 
ity and contains 0.2 to 0.5 per cent ash. It may be rendered entirely white by 
treatment with blood charcoal in vacuum. 

In the table below, the properties of the fatty acids obtained from several 
grades of hardened fish and whale oil are given by Knorre; the names by which 
these products are sold in the German market being used. 

The direct pressing of the fatty acids of Candelite is not recommended. It 
is better to mix Candelite and tallow or refined bone fat, subject to cleavage 

• Seifen. Ztg., 1914, 806. 
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and then mix the fatty aeids with olein or runnings from hot pressing in order 
to improve the pressing operation.* 

As already mentioned, hydrogenated oils have Iicen receiving con¬ 
siderable criticism by the soap niakens beeaust; of the relatively low 
lathering qualities of soaps prepared from these oils. 

The addition of a large ])roportion of hydrogenated oil to the soap batch is, 
therefore, ])reehided. In order to secure a free lathering soai) from hydrogenated 
fatty material, the author f first polymerizes the oil and then subjects it to 
the hydrogenation process. The polymerization is carried out by protracted 
heating preferably in the ab.s(!nce of air until the iodine number has been re¬ 
duced to a.s low a degree as is feasible. This reduction depends upon the oil 
which is being treated. Fish or whale oil may have the iodine number readily 
reduced by polymerization to alamt 80 or 90. Such products usually sl ill i)O.SHe.ss 
a fishy odor and by hydrogenating to an iodine number of 40 or 50 the odor is 
eliminated and, in some (-zsc-h, the ta-ste becomes fairly bland. The author has 
prepared soaps from such products and finds them to i)os.sesB relatively good lath¬ 
ering properties and lo yield soaps in other respects of (]uite satisfactory (juality. 

Further details of the joint rt'sult of polymerizing tind hydrogen¬ 
ating a fatty oil tire described below.{ 

Fatty acids and unsaturateil oils such lus the glycerides containing more 
especially two or more double bondings or olefine groupings are callable of poly¬ 
merization at elevated temperatures rc.sulting in a thickening of the oil due not 
so much to the formation of steiwinc tis to the formation of oil complexes by 
the union of oil molecules one with .another, usually denoted by a profound 
reduction of the iodine numl.wr and other changes. In this manner castor, fish, 
whale, cotton, corn, linseed, rape and tung oil and the like may be polymerized 
to differing degrees and by such polymerization a thickening of the oil usually 
occurs which produces a body of viscosity that enables one to obtain by hydro¬ 
genation, a product containing a fatty derivative of good texture or con.sistcncy. 
The product may be itsed in making lubricants, or may be sulfonated by treat¬ 
ment with sulphuric acid or soaps may be jirepared by saponification with 
alkalies. 

When catalyzers such as nickel oxide arc employed, it is preferred first to 
polymerize the oil at about 250° C. and then to reduce the temperature and 
harden by means of hydrogen or hydrogen and oxygen at a temperature around 
200° C. When using palladium the temiierature may be much lower. 

Hardened or hydrogenated oil produced by simple hydrogenation is not 
capable of yielding soaps having as free lathering qualities as often as desired, 
while some grades of the polymerized and hardened hydrogenated oil show suiie- 
rior lathering qualities wherv converted into soap. 

To remove the odor from fish and whale oil by hydrogenation requires a con¬ 
siderable conversion to stearine. Usually it is necessary to reduce the iodine 
number of fish oil to 40 or 50 in order to convert the unsaturated bodies such 
as clupanodonin which are supposed to be more or less odor-producing into more 

* Seifen. Ztg., 1914, 812. 
t U. 8. Patent No. 1,151,002, August 24, 1915. 
j U. P. Patent No. 1,178,142, April 4, 1916. 
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saturated or entirely saturated bodies rendering; the oil free from disagreeably 
fishy odor. But hydrogenation to this point produces so large a proportion of 
stearirie which lathers freely as a soap only in very hot or boiling water that the 
product when used with cold or slightly warm water is deficient in lathering and 
consequent detergent properties. By polymerization the property of cold lath¬ 
ering existent in the soaps produced from normal fish oil is to a considerable 
degree present in the polymerized oils and any further hardening which may be 
desired and which is secured by hydrogenation does not impair these lathering 
qualities to any material degree in connection with the production of fats for 
making hard soaps. Hence, jiolymcrization enables the production from oils 
and fats of a thickened or hardened product without the necessity of carrying 
hydrogenation forward to such a degree that tlie lathering properties of the 
soap are seriously impaired. 

The following procedure will serve to illustrate the foregoing: Whale oil 
w'as heated in an atmosphere of carbon dioxide for sixteen hours at a tem¬ 
perature between 250® and 270® C. The final product was viscous and the 
fishy odor was largely eliminated. The iodine number of the oil before heating 
was 135.5 and that obtained after heating had an iodine number of 89.7. The 
jinlymcrized oil was treated w'itli hydrogen in the presence of nickel material 
us a catalyzer and a product was obtained which did not appear to have any 
very definite melting-point, Changes in tomijcraturc Iwtween quite wdde ranges 
did not appcjar to affect the consisteiuy very materially. It melted completely at 
about 37® C. and the iodine number was found to be 65.9. A quantity of the 
whale oil which had not l)eeri polymerized was hydrogenated under the same 
condition.s and soaps j)reparcd from both the products by sai)onification with 
alkali under like conditions. The soap obtained from the hydrogenated whale 
oil liad almost no lather in cold water, while the polymerized and hydrogenated 
product gave a co])i()us lal.her in water <)f the same temperature. The fats as 
well as the corresponding soai)8 w'ero free from any fi.shy odor. It appears to 
be an approximately correct statement that the lathering qualities of a soap 
depend on tlie melting-point of the fate from which it is made. A soap made 
from olei(! acid lathers rather wwily in cold or slightly warm water, while that 
made from stearic acid requires a temiHjrature of nearly 80® C. to develop a 
sati.sfactrory lather. The al>scnco of any definite melting-point in the partic¬ 
ular product illustratively given herein posseased no very deiinite melting-point, 
as stated and was capable of lathering freely in cold or tepid water. Soaps 
prepared from oils which are highly uusaturated such as linseed oil or fish and 
whale oils are often i)ronc to discolor due to the tendency to oxidation of some 
of the unsaturated constituents. If the oil is hardened to a point where dis- 
colorat.ion is not liable to take place and undcsiraWe odors are removed the 
lathering qualities are impaired, while by polymerizing a goodly proportion of 
the components which tend to bring about oxidation are eliminated without any 
material detrimental influence on the lathering properties and by final treat¬ 
ment with hydrogen a sufficient amount of consistent material is oljtained to 
give the requisite bfxly or firmness to the soap. The amount of hydrogen re¬ 
quired is less, which is a saving in cost. 

Polymerization of uusaturated oils by the action of ultraviolet light 
in the presence of reducing gases is noted by Ellis.* 

»U. S. Patent No. 1,ISO,025, Apr. 18, 1618, and 1,179,414, Apr. 18. 1916. 
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The hydrogenation process enables olein (oleic acid) to be pre¬ 
pared in two ways according to Dubovitz * either by treating hydro¬ 
genated fatty acids of a litre of 40 to 46 in the usual way to sep¬ 
arate stearine and olein or to hydrogenate cheap oil of high iodine 
number to bring the iodine number to about 80 or 90 or approxi¬ 
mately that of olein, and saponify this product. The resulting olein 
contains only a few tenths of a per cent of unsaponifiable matter 
and a few per cent of neutral fat. The liquid fatty acid contains 
highly unsaturated components in spite of the iodine number of 
80 to 90. 

The application of hardened oils in the candle industry is noted 
by Bontoux f who states that the operations of pressing or distilla¬ 
tion, impose a limit on the degree of hardening practicable. 

In splitting fats with aromatic sulpho-fatty acids, the color of the 
resulting product is improved by using hydrogenated castor oil, contain¬ 
ing hydroxyl, for preparing the dissociating agent. One part each of 
hardened castor oil and naphtlialene are ground to a j)owdcr and treated 
with four parts of commercial suljjhuric acid at a temperature below 
20° C. The resulting product is poun^d into eight parts of water and 
the upper layer which forms is collected and used as a fat splitting 
agent, t 

Formulas for the production of white-grained soap employing hardened 
linseed and fish or whale oils are given in Heifensieder Zeitung, 1914, 044, 705 
and 931. A soap or soap powder of great detergent power is described in the 
same journal, p. 511. 

A grade of hardened linseed oil (linolith) made for the German market pro¬ 
duces a toilet soap base of pure white color § see also Seifensieder Zeitung, 
1914, 540, for approved formulas by Schaal employing hardened fish oil. On 
page 543 Bergo gives a number of soap stock formulas using Linolith, Talgol or 
Candelite. 

Timely substitutes lor cocoanut oil soaps are discussed by Schaal. || At 
least 40 to 50 per cent of cocoanut oil must be used to secure easy saponifica¬ 
tion, rapid lathering and general appearance. Four formulas are given using 
tallow, hardened oil, hog fat and castor oil in varied proportions, H 

In Germany, during the war, hydrogenated fats have played an important 
part in soap making. The lack of lathering power in soaps made from hard¬ 
ened oil can be corrected, according to Davidsohn ** by additions of cocoanut 

♦ Seifen. Fabiikant, 1915, 137 and 167, Seifen. Ztg., 1915, 459. 

t Matiferes Grasses, 1914, 4194; Seifen. Ztg., 1914, 987. 

} German Patent 298,773, Vereinigte Chem. Werke, A. G.; American Perfumer, 
1918, 382. 

$ Schaal, Seifen. Ztg., 1914, 600. 

II Soifenfabr.', 1914, 1158. 

1 Chem. Abs., 1915, 389. 

Chem. atg., 1915, 330. 
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or palm-kernel oil, or rosin, A soap prepared from 50 parts hardened linseed 
oil, 30 parts coooanut-oil fatty acids and 20 parts of rosin exhibited good lath¬ 
ering properties. A cold process soap made from 40 parts hardened oil and 60 
parts cocoanut oil possessp>d an excellent appearance and the lathering powers 
were good. 

The advantageous utilization of hardened fata in soap-making, specially 
during the war, is discussed in Seifensieder Zeitung, 1914, 1109. Various for¬ 
mulas are given. For methods of making soft soaf« from these materials, espe¬ 
cially Talgol and Krutolin, see Seifensieder Zeitung, 1914, 1130. 

The commercial application of the hydrogenation process to the French soaj)- 
making industry is described by Gurney.* 

In c.onnection with considerations involved by the war, it has been pointed 
out t that the Oelwerke Germania is owned by the firm of Jurgens, whitdi is 
operated by Holland and British capital. A res|)on8e to this comment appeara 
in Seifensieder Zeitung, 1914, 1073. 

At an exposition in Magdeburg t the Oelwerke Germania of Emmerich 
exhibited a series of hardened oils, viz.; Duroto! M.P. 60®, Coryphol M.P. 
80® C., Talgol, 1'aigol extra, Linolith, stearine and olein from Talgol extra, crude 
glycerine from linolith, stearine candles from Talgol extra and various soaps 
made from hardened fats. One of these v/as a toilet soap containing 43 per 
cent of hardened linseed oil. (Linolith.) 

The Oil, Paint and Drug Reporter § reviews the progress of hydro¬ 
genation during 1913 and notes that l)ecause of the relatively low 
price of linseed oil in Europe this oil has been more generally hard¬ 
ened for soap makers than other oils. Abroad, cottonseed oil is not 
hardened extensively, except for edible purposes. Small quantities 
are being hardened for margarine, and this will probably be an 
important business. The totoil capacity of the European hardening 
plants for 1914 is put at 1,375,000 barrels (400 lb. each), but not 
more than half this amount was made in 1913. In the U. S. the 
output for 1913 is put at 500,000 barrels and is rapidly increasing. 

During 1917 an extraordinary demand from soap and candle makers kept the 
white and yellow grease stearine market at Chicago strong throughout the year.jj 
Although the record-breaking prices which prevailed during the year was a stimulant 
to production, supplies of stearines were never burdensome during 1917. Early 
in the year olco stearine attracted a good premium over tallow due to the strong 
demand from compound makers, but later in the year the demand from this source 
waned somewhat when the hydrogenation of bean oils for oleo stearine was carried 
out extensively. The substitution of the hydrogenated bean oils for oleo stearine 
reduced the demand for stearine on the part of compound makers to a minimum. 

• Chem. Trade J., 55, 187. 

t Seifen. ZtK., 1914, 1030. 

J Seife j. Ztg., 1914, 863. 

5 July 20, 1914; J. S. C. I., 1914, 837. 

11 O. P. & D. Reporter, 1918, 71. 
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cocoamit oil obtained from Oelwerke Germania of 
^ in preparmR ccrta\n special soaps; 

, The 

lathoring properties of hardened oil soap IS overcome by the addi¬ 
tion of castor oil or iurkev-rtHi oil (5 to 10 per cent).f 


The cost of hydrogenating fatty oils according to Bontoux J at 
first was figured at 7 to 8 francs per hundred kilos of oil but at the 
present time certain patent owners are guaranteeing a maximum 
cost of 3 to 4 francs per hundred kilos, depending on the nature of 
the oil and its intended use. 


Schrapinger § has studied the hydrogenation of Chinese wood oil 
in order to throw some light on the structure of wood oil fatty acid. 
Reduction could not he ('arried out, by the method of Erdmann and 
Bedford II because the aind polymerizes under the conditions imposed. 


Accordingly Schraiiinger used the method of Paal tl (palladiiini-hydrosol as 
hydrogen carrier), and the modification by A. Skita (higher pressure, for Ihc 
purpose of accelerating the reaction). 

The wood-oil acid to be reduced was dissolved in 30 ec. of alcohol The 
palladium chloride was dissolved in 50 ce. of boding water; ().r> g, of gum arahic 
was also seiiarately dissolved in 50 cc. of water. The two solutions wire ini.xed 
after cooling, and the alcoholic wood-oil acid solution was added; enough ether 
and alcohol was then added so that a uniform licpiid was oljtained. Hydrogen, 
under one atmosphere pre-ssure, wirs then forced into this mixture, and the 
closed ve.ssel shaken during the process. In two separate experiments, the sodium 
salt, as well as the free acid, was reduced. It was found that the sodium salt 
reduces better than the acid itself, owing to the greater solubility of the sodium 
salt in aqueous alcohol, thus eliminating the possibility of coating the colloidal 
palladium iiartieles iiy precipitated aeid. 

After the reaction was finished, the solution was raised to boiling, then fil¬ 
tered and finally evaporated. The residue was dissolved in hot water, and 
acidulated with hydrochloric acid. Tlie precipitated acid was rccrystallizcd 
from alcohol, possessed a melting-point of 09° to 69.5° C. and showed the fol¬ 
lowing composition: 

1. 0.2138 g. substance gave: 

0.5969 g. COi corresponding to 0.1027 g. C., 

0.2386 g. HiO corresponding to 0.0266 g. H. 

2. 0.1941 g. substance gave: 

0.5424 g. COj corresponding to 0.1479 g. C., 

0.2135 g. HiO corresponding to 0.0238 g. H. 

* Seifen. Ztg., 1915, I7, 371; Soap Gazette and Perfumer, 1915, 424. 

t Seifen. Ztg., 1914, 092. 

i Matiferes Grasses, 1914, 4194; Seifen. Ztg., 1914, 987. 

{ Dissertation, Karlsruhe, 1912; Stevens and Armitage, China Wood Oil, Vol. II. 
Part 2, 2770. ' 

II Her. 1909, ga, 1324. 

^ Bcr., 1905, 38 , 1406, 2414; 1907, 4®, 2209; 1908, 41, 2273, 2282. 
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Calculated for CisH«02C=75.98 per cent, H = 12.76 per cent. 

Found C =76.09 per cent, H = 12.44 per cent, 

“ C=76.19 per cent, H = 12.26 per cent 

The product obtained, therefore, waa stearic acid, whereby it was proven that 

elaeomargaric acid is an acid with a simple (straight) chain. Yield: 63 per cent 
of the theory. 

A procedure given by Levinstein * relates to the production of 
compounds from hydrogenated saponifiable fats or oils and to the 
production therewith of compositions from waxes, fats, oils, or the 
like, which are soluble, miscible, or emulsifiable in water without the 
addition of alkali. 

The compositions obtained are .stated to be valuable in the prei)aration and 
treatment of leatlicr, and in the textile indu.sl.rics, as special finishe,s. 

fn carrying this method into effect, hardened oils obtained by the hydrogena¬ 
tion of saponifiable fats or oils, such, for example, as hardened fish oil or hard¬ 
ened linseed oil, are treated under certain conditions with sulphuric acid. The 
.sulpho compound.s so ol)tainod have the prai)erty of making mineral and other 
waxes, oils, fats, or the like soluble, miscible or cmuLsifiahlc in water. 

In order to obtain tho.se sulpho conijamnds, hardened lin.seed oil, for example, 
is selected, and after melting is treated with sulphuric acid until a sample 
from the mass gives an eiriulsion with water, or until a washed sample practi¬ 
cally diaaoIve.s in ammoniacal water. The mass is then poured into water pre¬ 
viously heated to 30° C., when the sulpho compound will separate in the form 
of a white pulpy mass. 

I’he following is an example of how a sulpho compound may be produced 
and how .such compound may be used to produce a soluble composition with 
mineral wax: 

One hundred parts of hardened linseed oil are melted and then cooled to 
■about 35° C. under agitation. Twenty-five parts sulphuric acid (100 per cent 
IbSO, inonohydrato) are tlien added gradually and the temperature is kept 
between 40° to 45° C. until a washed sample is practically soluble in hot water. 
The wliole is then run into a salt solution (10° Tw.) which has been heated to a 
teraiierature of 30° C., is well stirred, and then allowed to settle, after which the 
salt water is drawn off. The washing with salt water is again rejjeated until 
the mineral acid has been removed, or the mineral acid may be neutralised 
with alksli. The sulpho acid of hardened linseed oil, thus obtained, when 
melted and mixed with equal parts of paraffin wax gives a composition which 
is practically soluble in hot water without the addition of alkali. 

The hardened oils can be sulphonated when mixed with oils or greases, but 
the property possessed by the product of making waxes miscible or soluble or 
emulsifiable in water without neutralizing the sulpho acid or without any addi- 
ton of alkali, appears to be to some extent diminished.f 

Experiments on the catalsrtic hydrogenation of two kinds of oil 
from the French colonies, namely, “ Karite ” of French West Africa and 

* U. S. Patent No. 1,185,414, May 30, 1916. 

t British Patent No. 16,890, July 16, 1914; J. S. C. I., 1915, 913; Chem. Abs., 1916, 

288 . 
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“ Aouara ” of Guiana have been carried out by Heim and Hebert.* 
Karite (Butyroapermum parkii) l)uttcr and fat of Aouara nuts 
mixed with catalyzer were placed in flasks and pure dry hydrogen 
was passed through at a pressure of 1 to 2 cm. of mercury above 
atmospheric pressure. The process was carried out at .50° and also 
at 180° to 200° for twelve hours with constant agitation. As ciita- 
lyzers reduced platinum in the proportion of 1 per cent and reduced 
nickel, 5 per cent, wore used. At the end of the process the mix¬ 
ture was dissolved in benzine and the fat obtained by evaporation. 
Results are given in the following table rf 


Treatment. 

^ Karite Bdtter. 

Fat ok Aouara Nuts. 

Melting- 

point 

Iodine 

Vulijc 

Melting- 

point. 

Iodine 

Value. 

Initial . 

.•)2° 

65 6 

30° 

1 

9 5 

After hydrogenation with Pt. at .50°. 

35° 

57,6 

30°-31° 

9 2 

After hydrogenation with Pt. at 180°-200°. 

67°-68' 

16 0 

32° 

8 1 

After hydrogenation witli Ni at 50° . 

34°-35° 

48.0 

30°-31° 

9 0 

After hydrogenation with Ni at ]80°-200° 

69°-70° 

9.6 

32° 

6 7 


Padoa and Dalla J de.seribe a process of deodorizing and decolor¬ 
izing chrysalis oil by pas.sing a current of air or hydrogen or a mix¬ 
ture of those gases, at 140° to 2.50°, through the oil, to which may be 
added a catalyzer. The dccolorization of the oil, which becomes 
brown as a result of the treatment, is effected by shaking with 
dichromate and H2SO4. The oxides of nickel, cobalt, iron, manga¬ 
nese, copper, lead, cerium, etc., are specified as suitable catalyzers.§ 
Schmitz !| reports that the hydrogenation of crude naphthenic 
acids, employing a catal 3 riic agent, did not affect the odor or prop¬ 
erties of these acids. 

Lubricants Containing Hardened Oil 

r Krist K haa supplied the following formulas which he states were furnished by 
Georg Schicht A.-G., Aussig. 

•Ministtre des Colonies, Bull, de I'OfHce Colonial 50,8, 238-44, 1915; Bull. Agr. 
Intelligence 6, 1247-8, 1915. 
tChem. Abs., 1916, 1106, 

t Italian Patent No. 138,942, May 6. 1914; Chem. Aba., 1915, 2822, 

(See also'Tsujimoto, Chem. Ztg., 1914, 110. 

II Met. grasses,>, 4115; J. S. C. I., 33. 684. 
f Seifen. Ztg., 1913, 776. 
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1. Very consistent and uncolored compound for heaviest types of machinery. 

40 Kilos hardened oil (TalgiO; 

3 5 Kilos caustic potash solution 50° Be; 

13 Kilos caustic soda solution 37" 

75 Kilos American mineral oil sp. gr. 0.870. 

2. Colored compound for heavy machinery. 

40 Kilos hardened oil (Talgit); 

3 5 Kilos caustic potash solution 50® B6; 

13 Kilos caUvStic soda solution 37® B6; 

150 Kilos mineral oil (0.870); 

15 g. Chinolin yellow (fat soluble). 

3. Grade for lighter machinery. 

40 Kilos hardened oil (Olinit); 

3.5 Kilos caustic potash solution 50® Bi5; 

13 Kilos caustic soda solution 37® B6; 

150 Kilos mineral oil (0.870); 

20 g. Chinolin yellow (fat soluble). 

Brooks * describes a process of manufacturing hydrogenated rosin 
having many of the properties of common rosin such as solubility 
in varnish solvents and saponifiability or soap-making properties 
but differing from ordinary rosin by possessing a substantial stability 
and diminished oxidizability as evinced by giving a lessened absorp¬ 
tion of iodine or bromine. Varnishes can be prepared from the 
treated rosin which do not crack and fissure upon standing and soaps 
or soap compositions, sizes, etc., may be prepared from it which do 
not yellow with age. 

It is stated that ordinary rosin or colophony, although often used in 
the manufacture of cheap low-grade varnishes, enamels and the like, gives 
varnishes which, in time, crack and fissure or “ craze." Rosin makes an un¬ 
usually lustrous varnish film, and if it were not for this lack of perraraence it 
would be a highly desirable varnish resin. In other uses, rosin displays the same 
tendency to alteration and deterioration with time. Rosin soaps are not per¬ 
manent but become yellower and harder on keeping. In one of the most exten¬ 
sive uses, sizing paper, the same tendency obtains. This lack of permanence is 
stated by Brooks to be largely due to the fact that rosin is an unsaturated body 
and, therefore, tends to oxidize when exposed to air, in the way in which it is 
exposed in a varnish film, in a body of soap or as the sizing in paper. In the 
case of rosin size in paper the oxidation not only affects the size itself but the 
paper as well; probably because of the development of peroxide, formic acid, 
etc. Rosin-sized paper, particularly if exposed to light and air, in time becomes 
friable and yellow. By combining or saturating the rosin with hydrogen, a 
material is obtained which displays all the valuable properties of rosin as regards 
the making of high luster varnish films and the preparation of soap while it no 

* U. S. Patent No. 1,167.284, January 4, 1916. 
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longer has the undesirable property of lack of permanence or stability when 
exposed to the air. This stabilized rosin or colophony when converted into 
varnishes is claimed to give a high-grade varnish in lieu of the ordinary low- 
grade article; a varnish film which is permanent in air, and at the same time of 
good appearance. It is also adapted to make a better grade of soap and a higher 
class, more permanent paper size. 

Brooks observes that abietic acid, or the acid of rosin, appears to hydrogenate 
in stages, there being a first absorption of hydrogen which is more energetic 
than the later absorption. This first, easily hydrogenating stage corresponds to 
the highest oxidizability and if the hydrogenation be carried only to the end 
of this first stage the rosin loses most of its alterability in air. 

While the addition of hydrogen to the rosin may be performed in many ways: 
a simple method of procedure is to reduce the rosin to a fluid state by heat, 
stir in 3 per cent of freshly-reduced nickel and expo.se the mixture to an atmos¬ 
phere or current of hydrogen. Any suitable stirring or agitating means may be 
used to produce intimate contact of the mixture of rosin and catalyst with the 
hydrogen gas. A temperature of 180° to 230° C. is suitable for this operation. 
The progress of the reaction may be followed by watching the gauge pressure 
where the operation is performed under pressure. When the pressure, as indi¬ 
cated by the gauge, ceases to diminish with comparative rapidity, that is, the 
rapidity of absorption of hydrogen slackens, the first stage of saturation is over. 
After this time there will be a slower diminution of pressure. The treatment 
may be carried to a point where the iodine absorption shows no further sub¬ 
stantial reduction on continuation of the treatment or to the point where the 
iodine number disappears altogether. 

Instead of using nickel, other metals such as cobalt, copper or iron may be 
employed, but these other metals are not quite as effoclivc as the nickel. Which¬ 
ever metal is used it is best reduced from an oxide formed from its nitrate, 
reduction being by a current of hydrogen at a low temperature; a temperature 
not markedly in excess of 200° C. and advantageously lower. Instead of using 
these metals, their oxides may be employed, but in this event it is desirable to 
perform the treatment with hydrogen at a somewhat higher temperature, say 
about 240° C. 

The catalyst may be used with any of the usual carriers such as kieselguhr, 
or asbestos, etc., to increase the contact surface. 

“ Impregnation ” with hydrogen may usually be accomplished in about three 
hours at 200° C., using freshly reduced nickel. 

In lieu of simply melting the rosin, a solvent may be used as a vehicle for 
the rosin and catalyst; such as alcohol or a good grade of kerosene. 

Instead of using the stated metals, or their oxides, colloidal palladium (or 
■palladium chloride) or other platinum group metal, may be used. Palladium in 
the colloidal or spongy condition is stated to be on advantageous catalyst. In 
using colloidal palladium, hydrogenation may be performed at the ordinary 
temperature or slightly higher, the rosin in this case being maintained in a fluent 
condition by the use of an appropriate solvent, such as alcohol, benzol, gasolene, 
toluene, etc. Colloidal palladium may be directly formed in or added to the 
rOsin- solution or it may be produced in an oily carrier and then added to the 
solution of ro^.' Or a water solution of colloidal palladium may be agitated 
with a solution of rosin in a suitable solvent in the presence of hydrogen until 
the desired degree of saturation is effected. 
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Similar resu'ts to those nivnn l)y colophony may be obtained upon hydrogena¬ 
tion of many otlier resins known as varnish “ gnins ” and in use for making 
varnish. It is claimed that tlie hydrogen treatineut much improves their sta¬ 
bility and quality. Among other nsins which may lie improved by hydro¬ 
genation are Ponl.ianak and guajnde resin. 

When using iodine, to control the reaction, a convenient form of test is the 
Hanus method of determining the iodine number, llrooks states that ordinarily 
he carries on hydrogenation till the resultant product shows an iodine value 
of 20 or less by the Hanus method.* 

Hydhooenatki) Oil i.v the Tanning Industry 

Hydrogeiuited oils arc now being used by tanners for stuffing 
leather and other purpose.s. Fish and whale oil arc especially suited 
for thi.s purpose. A product low in fatty attids is desired, as any 
larg(! amount of free, fiitty acid is regarded by the tanner as likely 
to cause the leather to spue. 

A |>aper by Luinhard before the American Leather Chemists' Association, 
Cliieago, October 30, 1914,f and iiresenbid by Dr. Rogers contains the following 
discitssion on the liydrogenation jiroeeas and refers particularly to leal.her man¬ 
ufacture. 

It IS everywhere known that those induatrie.s which work up fats have lieen 
seriously uiwet for many yetirs hy the considerable advance of prices of raw mate¬ 
rials. The rapid development m the manufacture of fat.s for nourishment, espe- 
oiall}', ha.s made solid fats so scarce and expensive that the soap industry which 
absolutely requires solid fats for the manufacture of solid toilet and household 
soap, have found it very, difficult to get the neccssaiy raw materials. As there 
are still large cpiantities of liquid fats obtainable at quite low prices, it has 
consequently become a necessity to find a chemical method for the transforma¬ 
tion of the liquid raw materials into solid ones. The problem has been solved 
by the catalytic method of hardening fats. 

The liquid fats differ from the solid ones by the low percentage of hydrogen 
of their fatty acids, by the unsaturated character which besides the liquid con¬ 
dition involves still other properties, by the tendency to rapid oxidation in open 
air, by the dark coloring and by the disagreeable fish odor of the highly unsat¬ 
urated fish-oil fatty acids which hampers the possibility of employing fish oils. 

For more than fifty years the problem of hardening fats occupied chemists 
and manufacturers, but none of the many processes which have lieen suggested 
could be carried out in practice. 

With the development of physical chemistry, the science of the “ katalysa- 
toren ” has got footing, and after it had been shown by the experiments of the 
French savants Sabatier and Senderens, that by the aid of nickel in a fine state 
of subdivision it is possible to join hydrogen to unsaturated compounds, W. Nor- 
mann found that unsaturated fats or fatty acids, in which finely-divided nickel 
was suspended, could be made to unite with hydrogen. In Germany the process 
of Normanu for a long time did not attract any attention, but it was taken up 

* See also U. S. Patent N6. 1,249,050 to EIHs. 
t J. Am. Leather Chemists, Association, 1915, 80. 
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by the English firm of J. Crasfield & Sons, and perfected in a few years to an 
important technical process which aupiilicd in I90() many tons a day. 

The German patent paased on to the Naainloozc Vcnoots(diap Anton Jurgens, 
who established in 1011 the Germania Oelworke, where b)-day 1(K) tons of 
liquid fat, mostly fish oil, are Iwing hardened every day. 

A great number of patents have been a.skcd for the employment of the nickel 
method, which, however, in Germany are all dejiendent on the Normann patent. 
The most known of these proceases is the one of Wilbus(;hewit8(5h. After an 
arrangement with the Germania Oelworke they now use their process for the 
manufacturing of hardened oils for food purposes. 

Besides the nickel method, another one developed from the exi‘>erimcnts of 
Paal, which used palladium as a ttitalyzcr. The addition of hydrogen in this 
case is done more quickly and at a lower temperature, and the products are very 
satisfactory, but in view of the high ])rice of palhvdium compel,i(i(*n with the 
nickel method is impossible. 

Groat attention has bt^^n called t,o a process of Erdmann and Bedford, in 
wliich oxide of nickel is substituted for nit^kel. I'he oxide of nickel seems to bo 
more insensible toward the soilings of the oil and the hydrogen than the melal 
in fine distribution. This process hm been also ])erfected in England, A fac¬ 
tory in Germany, the Oclwerke Hydrogen, will start manufacturing within a 
short time. A heated dispute, which is not yet decided, is (tarrsul on about, the 
question whether in the Erdmann process also, nickel is the effective catalyzer, 
as is supposed by Normann, or w'hether the conception of Erdmann is right, 
who says that the oxide of nickel is being redm^ed to suhoxide, which act,s as a 
catalyzer. A German patent for the nickel oxide method has just been granted, 
after the English patent has been in force for several years. 

A number of other proc^cases are based ui)on nickel compounds, which, during 
the treatment with hydrogen an? transformed tu nickel. The method of Wim- 
mer-Higgins, for the exploitation of which the Fettraffinerie A. G. at Brake ha.s 
put up a factory, is using especially fonnat« of nickel. This method is also 
closely connected with the one of Normann. 

The hardened fats, hardened fish oils, linseed oil and cottonseed oil are to-day 
used to a very large extent for soap manufacturing, on account of the superior 
foaming properties, in conjunction with other fats. 

For the manufacturing of edible fats, the hardening of fats is of utmost 
importance, because by the aid of this method it is possible to use vegetable oils 
in place of animal fats, after the former have been hardened to the proper 
melting-point. 

Manufacturers, however, on principle, do not use hardened fish oil for food 
products, in order not to give the producers of natural butter any more topics 
to agitate against margarine, although the production of butter in Germany is 
not sufficient by far to cover requirements. 

In a general discussion which followed, Lumbard stated that the reason ho 
wanted to call the Leather Chemists’ Association’s attention to this product which 
he had brought over from Germany, was, that in his trip to Germany he visited 
many tanneries, and saw these products in actual use, especially solidified linseed 
oil, of which they used a good deal in dressing patent leather. They were also 
using quantities of solidified cottonseed oil. He saw it being used for replacing 
the old-fashioned saponified linseed oil, which they used as a top dressing in their 
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patent leather. And they have practically replaced the raw linseed oil they pre¬ 
viously used with this solidified linseed oil. Cox said some experiments had been 
carried on with a hydrogenated linseed oil from England. It can be used as a 
fat-liquor up to about 9 per cent, and still japan can be put on top of it without 
degreasing it, and the japan not loosened. Yocum inquired if it were possible to 
use hydrogenated oil to the extent of 9 per cent of the weight of the leather and 
still be able to japan, and in reply to this Cox stated that the hydrogenated oil is 
sulphonated, which affords a solid product of comparatively high melting-point 
and could be used in a leather which is non-degreased. Leather will carry 9 per 
cent of the oil and show no objectionable grease. Faust inquired if Lumbard had 
visited any harness leather tanneries and whether hydrogenated whale oil was 
being u.sed as a stcarine substitute in Germany. To this Mr. Lumbard responded 
that it was not being used exactly as a stearine substitute, but to replace many of the 
oils such as moellon. In conjunction with stcarincs and tallow it has better carry¬ 
ing <]ualities, absorbing and carrying the greases in better, so the tanners stated, 
and it leaves the flesh very clean. It has been adoi)ted for dressing, for instance, 
on satchel, bag and case leathers, because in dressing with it, it docs not run. It 
is about of the consistency of a very heavy butter, and when it is subjected to heat 
becomes limpid. They then mix it with a little sulphonated oil to make it flow 
and when the leather is hung on the hooks they claim that it does not drip, that 
the absorption of the oil is clean and clear, and that it does not run to the skirts 
as BO many free-running oils do. So on all those harder leathers it has been u.scd 
to a great extent, and also on harness leather. Cox staled that with this oil it is 
possible to make an emulsion and take sole leather of very light color, dip the leaf her 
into it, and have the leather dry out without any loss in color. .Saxe made the 
inquiry whether fish oil or vegetable oil was preferred for patent leather and Lum¬ 
bard stated that fish and linseed oil were preferred to cottonseed oil, the reason 
given being that the cottonseed oil hardened more than other oils. The most satis¬ 
factory oil of all is the hardened fish oil. In answer to an inquiry by Mr. Yocum 
regarding the possibility of sulphonating the oil and then hardening it to bring it 
up to the requisite condition, Lumbard stated that in Germany it was the custom 
to blend hardened oil with sulphonated oil to produce an emulsion and use it in that 
form as a fat liquor. Cox stated that it was perfectly possible to take one part 
of the .sulphonated hydrogenated product, combine it with four parts of a fat such 
as stearine, melted, and have it form an emulsion, then put the leather in it, hang 
up while still wet, and the stock would eomc out without any discoloration. 
Lumbard stated that what interested most of the German tanners in this product 
is the fact that when combined with the sulphonated oil, the linseed oil being a very 
drying oil, will carry' into the leather and it leaves the surface absolutely clean and 
free from any fats that may come up during the process of baking in the ovens 
Ordinarily unless the leather is degreased, the first coat has a tendency to peel. 
They do not experience any of those difficulties in the use of this hardened linseed 
oil. Yocum inquired if hydrogenated linseed oil still retained the property of 
drying and if it could be boiled into a sweetmeat or varnish, to which Lumbard 
responded that they did not use the hydrogenated linseed oil for boiling varnish. 
When this oil is blended with a sulphonated fish oil, which they use considerably 
in conjunction with it, he said it seems to lose considerable of the oxidizing effect, 
that the original linseed oil would have. It leaves the surface very clean. The 
oil does not flow out, it does not come out in the heat of the ovens, especially under 
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a temperature of 140 degrees, to which they subject leather in their ovens. They 
follow up the primary coat with a collodion coat, and it is said that the collodion 
coat adheres to the sweetmeat coat better where they use the solidified oil than 
where they use the free oil in fat-liquoring. 


Greases for Stuffing Harness Leather, Belting and Other 
Heavy Leather 

For stuffing heavy leather, such as belting and harness leather, 
various greases are employed, tallow being frequently used for the 
purpose. The heavier grades of mineral oil are sometimes added to tlui 
stuffing grease. Leather of this character requires from 10 to 30 
per cent or more of stuffing fat and the general shortage of low priced 
fats renders any new source of fatty material of interest. Hence 
tanners have experimented extensively with hydrogenated oils, wuth 
generally promising results. The most useful fat is one having a 
melting-point of about 125° F. and containing not in excess of 2 per 
cent of free fatty acid. With higher percentages of fatty acid there 
is danger that the leather may spue. 

Preparation of Fatty Acids 

Starrels * prepaiTs fatty acids by hardening a fatty oil to a high 
melting-point, as, for example, to about 60° or 62° G., and an iodine 
number of from zero to 2 and thereby sub.stantially completely con¬ 
verting the olein into stearine, also forming various isomers of high 
melting-point. 

The material is saponified by the Twitchell process or any of the other fat- 
splitting processe.s yielding glycerine and high melting-ijoint fatty acids. The 
latter mixture is then dissolved in a solvent medium, as, for exami>le, alcohol 
or gasoline, and, on cooling, the free fatty acids are separated in a state of purity, 
leaving in solution the greater part of the coloring agents. An example is the 
following: Corn oil was hydrogenated, using nickel catalyzer, until the melting- 
point was about 62° C. It was then subjected to the Twitchell proee.ss and the 
fatty acids obtained. These were brown in color. Approximately equal i)arts 
of denatured alcohol and the fatty acid were incorporated and heated to form a 
homogeneous solution which takes place rather readily at temperatures approach¬ 
ing the boiling-point of alcohol as the fatty acid is relatively .soluble in alcohol. 
The solution was cooled until practically all of the fatty acid had separated, 
when the material was pressed and a brown extract containing the hydrocarlions 
and coloring matters was removed leaving a white fatty acid of very high sapon¬ 
ification value and acid number showing that the unsaponifiable material formed 
by hydrogenation hod been eliminated. 

♦ U. S. Patent No. 1,209,512, December 19, 1916. 
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Proceeding along similar linos the fat.ty acids of cottonseed, fish, whale and 
other vegetable or animal oik may be treated to form high-grade fatty acids 
suitable for the manufacture of first-class toilet soaps. 

According to a method of the Reuter Process Co.,* in the pro¬ 
duction of fatty acids i)y boiling glycerides with organic catalytic 
hydrolyzor.s, the hydrolysis is effected in a number of .stages, in 
each of which stages a fraction of the total amount of hydrolyzer 
is added, the mixture being allowed to settle after each boil and a 
dark-colored intermediate layer of impurities is removed, after whi<di 
more hydrolyz(!r is added and boiling resumed. Air is excluded from 
the saponifi(!ation tank. The fatty acid.s thu.s produced, and soai) 
and candles made therefrom, after aging for ten days after making, 
do not darken sulxstantially in color on exposure to air and light. 
(llycerid(!s used in this process may l)e the following, separately or 
collectively: Beef and mutton tallows; horse, hog, and butter fats 
and their greases; whale, menhaden, fish, coeoanut, peanut, linseed, 
cottonseed, palm, palm-kernel, and soya-lxan oils; and the hydro¬ 
genation products of corn oil, linseed and cottonseed oils, fish oil, etc. 

Schauth t calls attention to the advantages of the ordinary Varren- 
trapp reaction and notes that while the hydrogenation prones.s pro¬ 
duces fats which can be employed in lathering soaps only by the 
addition of other fats and fatty acids that the product obtained by 
the Varrentrapp reaction is more readily available in soap making. 
He also suggests that the hydrogen formed during the Varrentrapp 
reaction be used for hydrogenation purposes. 

Highly hardened oil such as a thoroughly hardened cottonseed 
oil is used by Ellis J to produce a flatting effect in paint composi¬ 
tions .so that the surface will dry to a matt finish. 

Hydrogenated castor oil is used by Cordes § as an insulating or 
impregnating material for telephone condensers. 

In manufacturing the.se condensers, long stri|w of paper are laid on strips of 
tin-foil, the two strip.s are then rolled up, and the coils thu.s formed are pressed 
into a rectangular shape and dried either with or without the use of a vacuum. 
The coils of paper and tin-foil arc then mounted in frames, the frames with 
the coils thereon are placed in a vacuum-impregnating receptacle containing the 
hydrogenated castor oil and the coils are heated, for which purpose the rece])- 
taclc has a heating jacket which receives steam at a pressure of about two 
atinospiieres. The molten tat is in this way cau-sed to penetrate lietween the 
paper and the tin-foil and the moisture is cxj)cllcd by the heat in the form of 

* British Patent No. 9,.394, June 20, 1915. 

t Chemical Eng. and Mfgr., Vol. XXIV. 1916, 204. 

t U. S. Patent No. 1,173,1X3, February 29, 1916. 

§ U. S, Patent No. 1,241,926, October 2, 1917. See also Nos. 1,276,607, 1,276,508 and 
1,276,509 issued August 20, 1918 to Ellis. 
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bubbles. The vessel is suksequcntly .sealed hermetically, and the extraction of 
moisture contimie.s until the last trace lias been removed from the paper, this 
part of the process occupying fmm two to four hours. After the moisture ha.s 
been thoroughly extracted, cold water is introduced into the jacket. Owing to 
the high dielectric properties of the impregnating material, it is p()s.sihIo to 
obtain the same effects with condemsers, which are only half as large as those 
necessary with the use of paraffin. 

In a study of corn oil with reference to its use as a substitute 
for olive oil in various unctuous preparations such as liniments, 
ointments, cerates, pla.sters and oIeat.es, Lackey and Sayre inves¬ 
tigated the hydrogenation of corn oil.* Apparatus was used as 
shown in Fig. 546. 



Cross Section, ©r Aatociecye 

Fia. 545. 


Comparative tests on the hydrogenation of corn oil and similar oils of about 
the same iodine value were made. Nickel oxide was used a.s the source of cata¬ 
lytic material. A temperature of aliout 200° C. was used with hydrogen at 
50 lb. iiressiire. In six hours time a product was obtained from corn oil melting 
at about 30° C. The following table shows comparative results With cottonseed 
and corn oil: 


C0TTON8EKU Oil 

. Gokn Oil. 

Timp, Hours. 

Mcliinji-point, ® C 

! 

1 Timp, Hours. 

Mpllinn-point, ® C 

0 

35 

O 2 

31 

10 

39 

7 

34 

7 

35 

7 

33 

3 

29 

31 

23 


♦ J. Am. Pharm. Assn., Vol. VI, April, 1917, 349. 
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It is noted by Lackey and Sayre that the presence of the Riiiall amount of 
nickel remaining in the fat after filtration from the catalyzer is not of sufficient 
moment to interfere with, or be objectionable in, inakinp; most of the unctuous 
preparations referred to. One merit of the hydrogenated product is its keeping 
(jualities. Lackey and Sayre have kept samples of hydrogenated corn oil for 
over a year which have not shown the least indication of rancidity. 

Hydrogenated corn oil when well hardened possesses the property of 
expanding on passing from the molten to the solid state and when run 
into barrels and allowed to solidify this form of hard fat has been 
observed to break the hoops of the barrels during (he period of expan¬ 
sion. In this respect corn oil resembles, in a lesser degree, highly 
hardened Chinese wood oil. (See. page 301). 

Fox * notes that practically all the semi-drying oils (ex'cept Chinese wood oil) 
are capable of use for lubricants, a.s they can be hydrogenised and converted into 
non-drying oils. He prepared a lubricating oil from hydrogenised soya bcfin oil 
mixed with 14 per cent of mineral oil. A lubricating grease, similarly made, was 
used in the gearbox of a motor car for nearly a year. 

Ellis t incorporated hydrogenated oil and pulverulent material. 
Thu product may take either of two forms. (1) a solid cake or semi- 
solid coherent mass and (2) a comminuted or pulverulent product. 
The solid cake may be used for a variety of purposes such as huffing 
and grinding, lubricating, polishing and the like. A lubricating powder 
may be made, for example, from equal weights of hydrogenated oil 
and graphite. A buffing or grinding composition may be produced 
from hydrogenated oil and an abrasive powder such as crocus or car¬ 
borundum and emery. A tailor’s chalk may he made by melting 
hydrogenated cottonseed oil of m.p. 60° C. with a quantity of talc. 
Products in the powdered form containing hydrogenated oil and carbo¬ 
hydrates may be used for edible purposes. 

Referring to the imports at Pacific ports of dog-fish, halibut, salmon, sardine, 
shark, tuna fish, candle fish, walrus, whale, seal and porpoise oils, SadtlerJ states such 
oils have an added value since the general application of the hydrogenation process 
as they can be changed into hardened fats valuable to the soap and glycerine 
manufacturer. 

* J. .S. C. I. 1H18, ,304R. 

t U. S. Patents Nos. 1,270,507, 1,276,608 and 1,276,509, August 20, 1918. 

t rOiem. Met. Eiig. 1918, 658, 
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HYDROGENATION PRACTICE 

Whether or not the plant is to treat animal or vegetable oils, or 
fish oil, the following general procedure may be laid down for guidance 
in the equipment and operation of a hydrogenating works. 

Tlio starting point is, pcThaj)s, the preparation of catalyzer. Of 
course the procedure employed for its preparation depends on the 
type of catalyzer selected. Suppose nickel be chosen as the active 
material, to be used on a suitaljle carrier or supporting base. To this 
end a solution of a nickel salt, such as the nitrate or sulfate, is mixed 
in vats with the support, in the presence of a precipitant, or the 
latter is sub.scquontly added, and the material is well agitated. Solu¬ 
ble salts should then be removed by washing and the material dried. 
These operations may take place in a filter press supplied with air 
under pressure. The caked product should be ground in a ball or 
pebble mill until resolved into a fine powder. 

The catalyzer is now ready for reduction, which should be per¬ 
formed with extreme care as the entire oil-hardening process depends 
on the efficiency of the catalyzer. A simple and efficient type of 
catalyzer-reducing device is represented by Fig. 55. A is a brick 
structure which contains the reducing drum B. The latter is rotated 
by means of the sprocket C. E'E^ are stuffing boxes which admit 
of rotating the drum without disturbing the gas inlet and outlet. 
The catalyzer is admitted and withdrawn through the gate G. The 
drum is filled about two-fifths full of the catalyzer and hydrogen 
passed in. When tests for oxygen show that all the air has been 
expelled the drum is heated to a temperature not exceeding 360° C. 
During reduction the hydrogen is passed through at a considerable 
rate in order to remove the steam formed, thus reducing the partnd 
pressure of the latter and facilitating the reduction of the nickd 
oxide or hydrate. The gases issuing from the exit side of the drum 
may pass through a water seal and after purification may be returned 
to the gas holders to be used again. When the issuing gases are found 
to contain na steam the reduction is complete, the heating is dis¬ 
continued and the catalyzer allowed to cool in a current of hydrogen. 
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After cooling the catalyzer, the hopper shown in Fig. 55 is coupled 
to the flange of the gate G. The bottom of the hopper dips below the 
surface of oil contained in a receptacle beneath. Hydrogen is passed 
in at the valve J and the air is thereby expelled from the hopper. 
The valve of the reducing drum is now opened and the catalyzer 
allowed to fall into the oil with which it should be thoroughly mixed. 
Thus the catalyzer is effectively sealed from the air. 



This method of abstracting catalyzer from the reducing drum pre¬ 
vents oxidation of the nickel which occurs to a greater or less extent 
when the catalyzer is withdrawn in contact with the air. 

The catalyzer in oil may then be transferred to a large agitating 
tank in w'hich oil is added in sufldcient quantity to make the mixture 
contain the correct percentage of catalyzer. The contents are thor¬ 
oughly agitated and transferred to the hydrogenator where the actual 
hydrogenation takes place. 

Tall iron tanks may be used for this purpose, one type of which is 
shown in Fig. 56. The air in the hydrogenator is displaced by means 
of hydrogen and the mixture of catalyzer and oil pumped from the 
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agitator A into the hydrogenator C. The contents of the hydro- 
genator are heated to a temperature of 175° to 190° C. by moans of 
superheated steam or hot oil coils, the latter being preferable owing 
to the danger of leakages of steam into the chamber. The tempera¬ 
ture of the contents of the hydrogenator should be registered by 
means of a reliable thermometer, preferably a recording pyrometer. 



The oil and catalyzer in the hydrogenator are circulated by means 
of the rotary pump E, which takes the liquid from the bottom of the 
hydrogenator and pumps it through the inductor I where hydrogen 
drawn from the gas space at the top of the hydrogenator is mixed with 
the oil. is a check valve to prevent oil from entering the tank 
through the suction tube in the event of the inductor suction nozzle 
becoming flooded. The mixture of oil, catalyzer and hydrogen is 
ejected through the distributor T> at the bottom of the hydro¬ 
genator. 

The hydrogen inlet is provided with a safety device M and a 
pressure gauge Pt. 
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The pressure maintained in the hydrogenutor is variable according 
to the oil under treatnuuit and may range from atmospheric or less 
up to about 25 pounds.* The difference in the readings of the pres¬ 
sure gauges PJ\ n^gisters the suction of hydrogen at the suction nozzle 
of the inductor. Samples of oil may be withdrawn from time to time 
from the outlet Q. When the sample indicates that the oil has the 
required hardness tin; hydrogenator is emptied through the outlet V 
and the contents are run into large tanks which are heated by means 
of steam coils. From those tanks the mixture of oil and catalyzer is 
pumped into filter presses where the catalyzer is removed. The oil 
is finally run into cooling tanks where it solidifies to a hard fat ready 
to be made into lard compound, soap or other product. 

The transformation to olein of the glycerides of linoleic and linolcnic 
acids or other highly unsaturated acids usually docs not result in any 
marked change in th(! titer. As those bodies sometimes are, to a con¬ 
siderable extent, transformed into olein before olein becomes stearin, 
hydrogen will b(! absorbed by the oil without hardening, to a degree 
dependant on the pro[)ortion of these highly unsaturatod bodies 
present. Often an hour or more is needed to bring an oil to the 
" olein stage,” after which hardening will progress rapidly. 

Of course, the mfithod given above is capable of many modifications, 
as oils of dill(‘rent character require different treatment and in con¬ 
sequence oftentimes call for equipment which varies considerably 
from that given by way of illustration. Catalyzers vary a good deal 
in their properties, and conditions which are suitable for nickel in 
some of its forms will not answer for palladium. A much lower 
temperature usually suffices when using the latter metal as a catalytic 
substance, t 

A simple type of converter now extensively used is shown in Fig. 56a. 
It consists of a closed tank equipped with a steam coil and stirrer. 
The ve.ssel is charged with oil and catalyzer and the charge is heated 
to the requisite temperature when hydrogen is introduced by the small 
pipes in the bottom of the apparatus. The oil is stirred vigorously 
during the operation. Heat is developed in hydrogenating fatty oils 

• One of the difficulties met with in the handling of hydrogen has been the loss 
by leakage of the gas. Under pressure and at a temperature of 150° or 200° C., 
hydrogen is surprisingly penetrating. Autoclaves with welded seams are desirable 
for high-pressure and high-temperature work. Moving parts should be avoided as 
far as possible. 

t Reference is made to the chapter on catalyzers which gives much detailed 
information on the subject. Attention is, however, called to the existence of several 
patents covering certain forms of catalytic preparations. 
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and whwt a oonsidc'rablo qumility of nil is beinn hardonod, tb(3 heat, 
of reaction may be not only .sufficient to maintain the balch at the 
reacting temperature but may even eatise the temperature to ris(! too 
high, so that cooling is needed. This is especially noticeable with 



freshly-prepared catalyzer. Sometimes preliminary heating by steam 
to 100° to 120° C. suffices to start the reaction and the temperature 
rises rapidly. At 170° to 180° C. water may be passed through the 
coil to prevent overheating. 
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Fig. nafi .—Slirivor Filf-pr Prp.ss for Filtpring Hiiriioned Oil. 


The filtration of oil to remove finclyHlividcil nickel, especially when 
in a colloidal or partially colloidal condition, is aided by the addition 
of fuller’s earth, silex or .some similar bulking material* 

* U. S. Pntput to Ellis, No. 1,158,064, Nov. 2, 1915. 
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THE HYDROGENATION OF PETROLEUM 

The hydrogenation of the unsaturated constituents of petroleum has 
proved to be a hiscinating subie(^t of research by chemists and the literature 
on this topic has been greatly augmented of late.* See pagi's 11 and 21 
for earlier data. 

The results of experiments by Winkler f on the problem of motor gaso¬ 
line are of interest. Winkler observes that California petroleum is one of 
the large sources for gasoline, and yet that probably 80 per cent of it is 
too thick for any explo.sive mixture and “ a sootless burn ” in the cylinder. 
To depolymerize the heavy hydroearton oils down to their simplexes 
somewhat analogous to the depolynierization of .synthetic rubber back 
to isoprene— the following cxpcriinents were carried out: 

First, by way of explanation, " cracking ” of these oil.s by mere siijierlieating, lie 
states, has proved totally unprofitable in California factories; ami so have all kinds 
of pyrogenic experiments in his laboratory (i.e., passing the vapors with hydrogen 
through hot tubes containing various metals). The results have not .shown promi.se 
as the products go largely into the sludge in refining, and nave penetrating odors. 
The oils show great tendency to thicken when heated, e.specially in contact with 
various substances, as air, alkali, concentrated sulphuric acid, and various salts, as 
aluminum chloride. The best results, he notes, arc obtained by di.stillation in an 
atmosphere of hydrogen. In addition to the unsaturated cyclic bodies, and the 
sulphur and nitrogenous compounds, the.so oils contain benzol ring bodies with side 
chains, as the raesitylcnes, forming the turpentine substitutes. Asphalt occurs 
therein as a colloid,! and is eliminated at the start by fractional steam distillation. 
Winkler's experiments are as follows: 

1. Effect nf Corona. A glass tube 2j in. diameter by 3| ft. long, wrapped with 
wire gauze, with a J-in. copper rod susiwnded co-axially through its centre, was used 
as a hot vapor chamber, while at the same time the inside rod and outside gauze 
were kept at a potential of from 2.5,000 to 30,000 volts by d 3 marao and high potential 
transformer. W'hen the room was darkened, a continuous bright bluish glow was 
evident throughout the tube, i.e., a corona. Through this glow (air removed) various 
California heavy distillates were distilled repeatedly, with a large excess of hydrogen 
(dry and moist), the objeet of the corona being to ionize the hydrogen. (The dielec- 

• Cf. Moore and Egloff on "Fats and Fatty Acids from Petroleum,” Met. and Chem. 
Eng., 1918, 309. See also Bureau of Mines, Bulletin 149, Bibliography of Petroleum, 
by Burroughs. 

t J. Franklin Inst., 178, 1914, 97. 

j Z. Ang. Ch., 1913, 009. 
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trio oonstants of hydroRen and hydrocarbon vapors and air were found to be not 
very different.) Practically no chariKC could be detected in the oils after repeated 
slow distillations through the above chaml>er. 

2. Effect of Arc. The Birkeland-Eydc process wiis applied to these oils in an 
atmosphere of hydrogen. The oils, l)oth liquid and gaseous, were passed through 
with increasing speed, to shorten the time in the arc. The carbons were hollow, 
and hydrogen was passed inward through both. They w'cre kept cool by a water 
jacket, n'he results were variable, luit in every case the oils were reduced to non- 
condensable gases and a cloud of fine carbon. 

3. Effect of Steam and Aluminum under Pressure. Very fine aluminum dust was 
mixed with various heavy Califoniia oils to a “susj>ens:on,” and these mixtures 
sub]e(!ted to a pressure of 110 Ib. per square inch with steum in a heavy, specially 
constructed retort. They were also agitated, and at the same time heated to 
various femperatures (indicated by thermometer) up to their cracking points. 
I'he juirpose of the alumimurj and slcani wjis to generate n/wcent hydrogen within 
the oil. A variety of attenipts indicated no success. I'he aluminum was not amal¬ 
gamated. 

4. Effect of Reduced Nickel Oxide and Hydrogen on the Aerated Oil. According to 
CharitschkolT, better re.sults at “ cracking ” Russian petroleum were obtained by 
first oxidizing the oil.* * * § Heavy C'alifornia oils were heated and aerated (by drawing 
air through tliom) for two or three days, t) oxidize them and to generate petroleum 
acids (the juirixise of this oxidation also lieing to introduce (tarboxyl groups, with 
the pos.sil)ility of splitt ing out water with the hydrogen aftcnv’ards, and leaving the 
rast, of the broken molecule to unite with the excess hydrogen). The aerated oils 
were subjected to the action of reduwd nickel oxide and hydrogen (said to be 
least sen.sitive to sulphur compounds, f but without success. Iodine was substi¬ 
tuted for the nickel oxide with no better results. 

5. Effect of Rhodium Black and Hydrogen. First, active platinum black, made 
according to the Loow jiroccss.t has been shown U) he a good catalyst to hydrogenate 
pure benzol and pure lieiizinc. It is, however, poisoned by sulphur bodies.§ Cal¬ 
ifornia oils contain sulphur, and do not hydrogenate under these conditions. 

Hredig has shown that rhodium metal a(;ts as a catalyst to break down formic and 
acetic aiuds to hydrogen and carlion dioxide, etc., and that sulphur bodies are favor¬ 
able to its activity.|| Rhodium black was made (by the Loew process), and tried 
out on California oils under parallel conditions, but failed to hydrogenate in the 
least. 

SnellingH is able to produce a high-grade petroleum, yielding substantial 
proportions of gasoline and kerosene fractions, from low-grade crude oils 
and petroleum products such as gas oil, by heating them to a temperature 
such that the vapors evolved will produce an added pressure of at least 
400 lb. per square inch, the quantity of liquid in the container being such 

• “Petroleum,” 1913, 748. 

t Z. iinEew. Clieni., 1913, 561-606. 

X Ber. 23, 289. 

§ Ibid., 45. 1471. 

llOeat. Ch. Ztg, No. 14, 1911, 260. 

^ British Patent No, 18,419, Aug. 7, 1914; Chem. Abs., 1916, 388. Cf. 0. P & Drug 
Reporter, Apr. 5, 1915, 33. Gasoline from Synthetic Crude Oil, by Snelling. 
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that it occupies not less than one-tenth and not more than seven-tenths 
of the total capacity of the container. 

The operation may lie ellecterl in the presence of a eat.alyst such as colloidal graph¬ 
ite, colloidal carbon (formed by producing an arc Iretween carbon points immersed 
in the oil), or nickel or other metal in the colloidal form, or in the presence of gases 
and vapors such as hydrogen, natumi gas, ethylene, oil gas, water-gas, or steam. 
Temperatures in exceas of and below 00(1“, preferably Ix'twecn 400 and 500“, 
are employed. Pressures Iwtween (ifX) and 800 lb. per square inch arc preferred, 
though a pressure of 2400 lb. per square inch may be employed, Acamrding to one 
method of treatment, the oil is heated until the pressure reaches 800 lb. jier square 
inch, and is then allowed to cool. The ])crmanent ga.sc.s are allowed to escape, 
and may be used for heating or for making i)roi)ane or butane. The oil is fractionated 
up to 150°, and the residue is subjected to a further treatment. 

According to Oildom,* petroleum and other heavy hydrocarbons arc 
cracked by heating them in a cracking-still, logellutr with a catalj-st, such 
as finely-divided nickel, and hydrogen or purified water-gas, with violent 
agitation. 

The vapors may be passed through a chamber, containing a finely-divided catalyst, 
such as asbestos, coated with nickel, on their way to the condenser. 

The heavy hydrocarbon is first purified from asiihalt, sulphur, and other catalyst 
poisons, and is passed from the store-tank, together with hydrogen from a reservoir 
along a r>ipe, where it mixes with nickel from a shot-fiask device, entering the still 
through a rose. The still is fitted with an agitator. The distillation is effected at 
about 300“ C. and under a pressure of 5-l(K)0 lb. per square inch regulated by a 
weighted valve. The gases which escape from the conden.ser are burnt under the 
still, or, if rich in hydrogen, are readmitted to the .still. The nickel i regenerated 
when necessary by washing it with benzol, calcining to oxide, converting into citrate 
or formate, and reducing with hydrogen at 320 to 350° C. Instead of providing 
the cracking-still with a large exposed upper surface, a reflux condenser may be used. 

Planes Limited f produce saturated lighter hydrocarbons from 
heavier oil according to the following method: 

The heavier oil together with nickel catalyzer and hydrogen or hydrogen-con¬ 
taining gas are run into a tall cracking still, the latter being provided with a stirring 
device. As the temperature rises pressure is developed to the desired point when it 
is relieved by a weighted valve into an expansion chamber. This chamber is fitted 
with shelves on which are placed catalytic material. The vapors from the still 
pass through this chaml)cr together with water gas and are saturated. They are then 
condensed. Oil, catalyzer and hydrogen are continuously passed into the still until 
the residues are too heavy to be further cracked, when they are removed and the 
catalyzer recovered. The waste gases may be returned to the still provided they 
are still rich in hydrogen. 

• Dec., 1914, p. 19. 

t British Patent No. 6,245, Apr. 1, 1914. 
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Mineral oils and rosidups arc ircaled for the produotion of lower boiling 
hydrocarbons by White * as follows; 

The oil or residue, with or without preliminary distillation, is distributed in a 
liquid state, and witiiout the addition of steam, on to the surfaee of quicklime which 
has been lieatcd to 500° to 000° C. in a retort or ehaml)er. The vapors of lower 
boiling-])oint tlms jnoduced may be drawn off by suetion and fractionated. Crude 
paraffin oil thus treated yield.? 20 to 25 per cent of hydrocarbons with flash-jioint 
and boiling-point similar (o those of gasoline. The lime may be regenerated by 
burning off the deposit of carbon, f 

Uy a process for eliminating sulphur from oil, advanced by Evans,} the oil is 
vaporized, mixed with 5 to 10 per cent of hydrogen, or with a giis containing hydro¬ 
gen, and passed over a heated cabdytie or contact substance such as nickel deposited 
on fire clay. Hydrogen .sulphide is formed, and may be removed. If the oil cannot 
bo distilled, it may be heated in contact with the catalyst while hydrogen is passed 
through or over it. 

Forges and Stransky§ increase the volatility of hydrocarbons in the following way: 
the vapors of the latter, mixed with steam, at a temperature below 600°, are brouglit 
into contact with metallic, oxides .such as the oxides of lead and nickel which function 
as catalyzers. A portion of the hydrocarbon is converted into carbon dioxide by 
reduction of the metallic oxide wliich is regenerated by means of air or oxygen. 

Chichibabin 11 suggests (hat the catalytic, influence of metallic oxides and certain 
salts on the formation of sulphur and nitrogen containing substances and on the 
condensation of lower to higher hyilrocarbons observed by Sabatier and by Ipatiew 
lends support to the hypothesis of the mineral origin of naphtha, there being an 
abimdiuicc of such catalyzers in the Iww'els of the earth. As to the optical activity 
of natural naiihtlm, it speaks neither for nor against this hypothesis, until its exact 
causes are learned. 'I’o assume that this activity is due to living forces is for the 
present unwarranted. 

Heyl and Baker ^ in their process of producing motor spirit, dissolve 
hydrogen in liquid fuels such as gasoline, benzine, or alcohol by spraying 
the liquid into the gas within a chamber supplied with a safety valve. 
The solution may be passed over cold or heated aluminum, nickel or other 
catalyst in a tube to aid the retention of the gas. In a smaller apparatus, 
twin opposing nozzles are used. 

In the manufacture of condensation products from unsaturated hydro¬ 
carbons Schering** uses anhydrous inorganic chlorides, as catalyzers. 
These are allowed to act upon mixtures of paraffin hydrocarbons with 
hydrocarbons poorer in hydrogen which contain at least two double bonds. 
The reaction products of a previous run can be employed also as catalyzers. 

* British Patent No. 5,434, Mur. 3, 1914. 

t J. S. C. I.. 1915, 651. 

} British Patent No. 22,147, Nov. 6. 1914; J. S. C. I., 1916, 1241. 

§ Italian Patent No. 142,453, May 30, 1914; Chem. Abs., 1915, 2814. 

II J. Russ. Phys. Chem. Soc., 1916, 714; Chem. Abs., 1915, 2489. 

t British Patent No. 11,756, May 20, 1913. 

** German Patent No. 278,486, May 24, 1913. 
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Franke * claimB that, motor spirit, is obtained from peat tar by distilling 
up to 320° and redistilling the distillate, preferably after it has been puri¬ 
fied, up to 250°. The second distillation may be stopped at 170°, and the 
residue then heated up to 300° under pressure of 25 atmospheres in order 
to crack it. 

The cracking is accelerated by the addition of a catalytic agent capable of 
recombining with the oil, the hydrogen which is evolved in the cracking; pyro¬ 
phoric metals, such as iron, nickel, chromium and platinum are suitable for this 
pur|x)se. The product of the first distillation is purified by treatment with 
oxidizing or condensing agents, preceded by the usual a(;id and alkali treatment. 
The oil is first treated with sulphuric acid, then washed and treated with a 
solution of caustic soda and again washed. Finally air is blown through the 
heated oil until it clarifies. Instead of oxidizing the residual phenolic compounds 
by treatment with air, manganese dioxide and sulphuric acid, or peroxides, j)er- 
sulphates, or chlorates, may be used, or condensing agents such as zinc or 
aluminum may be employed. The rcsinified phenolic comi)Ounds are removed 
by filtration before the second distillation. 

Holcgreber t obtains l)enzene by passing the vapors of petroleum or 
its distillates, together with hydrogen through a tube containing catalytic 
materials, and heated to 180 to 300°. Acetylene is said to be first formed 
and then become polymerized to benzene. Suitable catalysts arc iron, 
copper, zinc, aluminum, nickel, cobalt, silver and platinum or mixtures of 
these metals. 

Ellis and WellsJ describe the results of experiments with several forms 
of tubular cracking apparatus and the hydrogenation of some of the 
products obtained. 

Using kerosene of 42® B. (vsp.gr. 0.814) )delds of gasoline (boiling-point up to 150® 
C.) of 18 to 20 per cent were obtained at 450® to 600° C. By distilling off the gaso¬ 
line and retreating the residue, and also scrubbing the gaseous reaction products 
with oil, yields of 40 to 45 per cent of gasoline were obtained. The gasoline was 
denser than normal gasoline of the same boiling-point, had a higher refractive index 
and was unsaturated; the iodine value of the distillation fractions was higher the 
lower the boiling-point, a fraction boiling below 70® C., for example, having an 
iodine value of abou 500. On standing for a long time the gasoline became darker 
in color, and when subsequently distilled, a violent reaction occurred at about 160® C., 
resulting in the production of a dark brown viscous oil. A similar reaction occurred 
at about 110® C. on distilling under diminished pressure (6 to 10 mm.). The vis¬ 
cous polymerized product reacted violently with sulphur and with sulphur chlorides, 
a viscous oily mass being produced. Hydrogenation improved the odor of the 
gasoline, changed the color from light straw-color to water-white, and destroyed 
the tendency to polymerize. 

^ British Patent No. 13,361, June 7, 1913. 

t British Patent No. 17,272, July 28, 1913. 

{ J. Ind. Eng. Chem., 1915, 1029; J. S. 0. I., 1916, 102. 
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Tinkler and Challenger * state that the objectionable smell of cracked 
oils is removed by hydrogenation. 

Danckwardt f produces gasoline from crude oil by introducing a spray 
of molten lead, alloy or fused sodium nitrate, caustic soda or other liquid, 
insoluble in the oil and not distilling at the temperature employed, into the 
vapor space of the retort, used and thence into the liquid in the retort. 
The added material is withdrawn from the retort, and returned again to 
the retort after passing it through a heater. Vapor from the retort is 
continuously drawn off and condensed. 

Testelin and Renard J have proposed an apparatus for making volatile 
hydrocarbons from petroleum in the use of which the oil is passed under 
high pres.surc over refractory material such as clay which is maintained at 
a red heat. Steam is introduced with the oil. 

Moeller and Woltereck § crack heavy oils by mixing their vapors with 
highly superheated steam at substantially atmospheric pressure and 
passing the mixture over coke at a dull red heat (tMlO" to 800°). The 
sulphur prasent in the oil is at the same time converted into hydrogen 
sulphide and is thus removed from the oil. The steam is superheated to 
700° to 800° in an apparatus which allows the steam to expand while it 
is being heated. 

A process for improving the quality of hydrocarbon oils is described by 
the Badische Company |j. The oils are decolorized and deodorized by 
treatmupt in the fluid condition with hydrogen, at not above 200° C., 
at atmospheric or increased pressure, and in the presence of a catalyst, 
such as nickel, iron, cobalt or copper, or mixtures of these. 

The Badische Company U produces hydrocarbons, which are easily liquefiable, 
and oxygen derivatives of hydrocarbons by passing carbon monoxide and hydrogen 
mixed or not with other gases, in the proportions of at least two-thirds of a volume 
of the former to one volume of the latter, over a heated catalyst under a high pressure 
exceeding that of five atmospheres. In examples, the preparation of hydrocarbons 
boiling from 20° up to 250°, of olefines, paraffins, and benzine hydrocarbons, of 
alcohol, ketones, such as acetone, aldehydes such as formaldehyde, acids such as 
acetic and its homologues and other products are described. In some cases, a basic 
compound is added to the catalyst and mixtures of two or more catalysts may be 
employed. 

Brooks, Bacon, Padgett and Humphrey** state that the effect of pressure 
in diminishing the per cent of olefines in the gasoline obtained is a note- 

* Chemistry of Petroleum and its Substitutes, p. 194. (Set* also pages 243 to 254.) 

t U. S. Patent No. 1,141,529, Juno 1, 1915; Chem. Abs., 1915, 1994. 

i U. S. Patent No. 1.138. 2&0, May 4. 1915; Chem. Abs.. 1915, 1689. 

§ British Patent No. 16,611, July 19, 1913; Chem. Abs., 1915, 148. 

1! French Patent No. 472,776, May 2H, 1914; J. S. C. I., 1915, 540. 

1 British Patent No. 20,488, Sept. 10, 1914. 

J. Ind. and Eur. Chem., 1915, 180 and 412. 
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worthy feature of their work. The same effect is very strikingly shown in 
the interesting results of Whitaker and Rittman on the effect of pressure in 
the yield of illuniinanta in oil ga.s. At fiO()° C., Whitaker and Rittuian 
obtained from a given quantity of oil 122 liters of illuminants at 0.75 lb. 
pressure, 50 liters at atmospheric pr(Sisui-e and 15.5 liUu’s at 45 lb. (abso¬ 
lute) pressure. 1’hey w(!re also able to show that at tcm]X!raturcs of 750° to 
800° C. the addition of hydrogisi to the gas mixture has the effect of par¬ 
tially hydrogenating the. olefines and that this n-action takes place more 
readily as the pres,sure on the system Ls increased. Ipatiew * has made 
the interesting observation that, in the distillation of petroleum under 
prn.saure, at the higher pressure th(' <'volvc‘d giuses become continually 
poorer in hydrogem in .spite of the higher temperatures rc'ciuired to main¬ 
tain the higher prossuios. The. pre.ssures employed by Ipatiew wore 120 
to 340 atniosphei-es. 

The litieration of hydrogen from (Hctroleiini hydrocarbons at viirioi s temperatures 
has boon .studiced liy Engkr f and hia atiideiits. They olctaiaed no liyclrogcn l)elow 
470° at atinoaplicirie pressure from kerosene fmetiona Ixiiling tx'Iow 2S0° (b Tlu! 
liberation of hydrogen from different liydroearlsnia at a given temperature dejienda 
aomowliat on l.tieir constitution. Thus, benzol yields appreciable ciuantitic's of 
hydrogen only at temicentturea above .500° (.1. 

The work of brooks, Bacon, I’adgett and Humphrey indicates that if liydro- 
genation of the liquid olefines takes place during distillation under pressure, it occur,s 
simultaneously with their initial formation. A samiilo of cracked naphtha, having 
an iodine number of ,5.5.0 was heat«l to UKi” with hydrogen for thirty hours under 
3000 lb. pres.surc jier square inch. The' icsline number and refining loss with sul¬ 
phuric acid were practically unaffectisl, tlm iraline number of the final product being 
52.9. Reaulta closely parallel to this wen- obtained by Rhodes, working with licpiid 
fatty oils. The apparatus employed was a steel bomb connected with a solenoid 
stirrer constructed as described by St.uck(T and Kiiduli-t Uebbelohdeand\\''oronin§ 
showed that in the prc.senee of nickel, hydrogen was split off from a Baku crude oil 
at as low a temperature as IS0° C. The results of Zcliiiski || with dehydrogenation 
at temperatures above, 300° C. in the pre.sence of platinum is to be expected. Ostro- 
misslenski and Bujanadse 1; showed that in the presence of nickel a Russian crude 
oil gave only coke, 40 per cent, and gas at temperatures between 660° to 700° C., 
no tar or liquid being obtained at all. Fiirthennore, the gas contained 72 to 7,5 per 
cent of hydrogen and the remainder consisted of saturated hyrdocarhons. 'I'hefie 
facts are quite significant in view of the proposed cracking processes of Vernon Hoys, 
Lampiough and others, who introduce nickel into the cracking zone. A .series of 
experiments were made by Brooks, Bacon Padgett and Humphrey at atmospheric 
pressure and at temperatures of .500° to 5.50° C., employing various catalytic sub¬ 
stances. Kerosene and solar oil vapors passed through an iron tube containing 
♦Ber., 1904, 2909. 

t Engler and Hofer, Das Krdol, 1, 574. 
t Zei schr. f. Eleklmeh., 1913, 570. 

§ Petroleum, Berlin, 1911, 7, 

II Ber., 1912, 45, 3878. 

^ J. Ruse. phye.-chcm, Ges., 1910, 195. 
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burned cbiy, carbon, coarae and finely-divided iron, coarse and finely-divided copper, 
heated to the above-named iem[K!rature, yielded Rasoline fractions, which showed 
an olefine conteni. of ai)[)roxiniately 2,5 to 50 per mit. When nickel was employed 
the i)cr cent of olefines in the Rasoliiie luoduet was 4S per cent. 

Humphreys * obtain,s low boiling hydrocarbon.s from liquid paraffin 
hydrociarbons of petroleum whieh boil at 260“ or higluT by dLstilling a 
portion of the iKpiid under four atmospheres or higher pressure at a 
temperatuie of 340“ to 455° in a still containing ste(>l, brass or copjjcr 
plates immensed in the litjuid. The plates are ,stated to have a catalytic 
action in forming lighter hydrocarhoms and about (>5 to 70 per cent of the 
liquid tr<uit('d is distilled off and coialenstHl. 

A process and ai)paratus for conv(!rling heavy into light hydro- 
(tarbons is described by Porges, Stransky a>’d Strache,t 
A mixtuT'C' (if the vaporized oil a. d st(iain is pas.sed over a catalyst 
(iron oxide or oxide of ar:otlipr metal eapabhi (f forming .several 
oxides), which is heated to .500 to ()00° (’., and light products are 
fornu'd. When the hydroearbo ;s begin to diminish the catalyst i.s 
regenerated by h(>at-ing it in a (iurreni, of air or oxygen. 

The Continental Caoutchouc and Gutta Percha Co.J heat a mineral (41 
fraetion of high boiling-point with a catalyst such as aluminum ehlorid(!, 
with or without ni(‘rcuri((, f(>rric, vanadium, or other (diloride, or with 
alumimini in-a stream of dry hydnxdiloiie ju'id gas, or the >11 is atomized 
and cxpusecl to ultra x'iohd rays or the silent electric discharg(‘ in preseneo 
of a catalyst.. The process is continuous, (tascious products an; obtained 
by heating to a l.iglier t emperature, and longer, in closed v((ssels. § 

Brooksl! obtained from 3 to 20 per (tent of ga-'otine, boiling below 150° C., 
by cracking Texas solar oil (.sp. gr. 0.8862) alone and in the presence of 
vaiious contact sulxstanees, at temperatures tetw(((m 400° and 6(X)° C., 
at atmo.spheric pressure; the gasoline was highly unsaturated, the loss 
by treatment with concentrated sulphuric, acid averaging about 28 per cent. 
Various proposed methods of hydrogenation are also considered; the oil- 
steam iron procciss for hydrogenating olefines and preventing deposition 
of carbon is stated to be inadequate. 

Tho (lisaRr(!eal)le odor of highly cracked gasoline was removed by treatment 
(desulphurization) with alkaline ijhimbite, copper oxide, or metallic sodium. In 
experiments on the distillation of heavy petroleum oils, mainly Oklahoma reduced 
oil, 30° R. (sp.gr, 0.S75) under pressures up to 4.50 lb. per square inch, the yield of 

•U. S, Patent No, 1,122,003, Dec. 22, 191,5; Oliem. Abs., 1915. 374. 
t British Patent No. 11,420, M.-iy S, 1914. also U. S. Patent 1,205,578, Nov. 21, 
1910, to Straclu' siud Porges. 

t French Patent No. 4()9,94S, March 21, 1914. 

§ Chem. Abs., 1915, 19. 

II J. Franklin Inst., 1915, 180, 653; J. S. C. I., 1916, 102. 
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gasoline increased with the pressure, up to about 32 per cent at 250 lb., and then 
declined; the olefine content of the gasoline decreased as the pressure increased up 
to 200 Ib. and then remained constant, this result being ascribed to polymerization 
rather than hydrogenation. As regards proceases in which oil is cracked while in 
the form of vapor, it is pointed out that heavy oil can only be completely vaporized 
at very low [)ressures. Gasoline obtained by crac^king the vapor of Oklahoma 
reduced oil under a pressure of 100 lb. per square inch, consisted chiefly of normal 
paraffin hydrocarbons but contaimsl about 8 [st cent of benzene, toluene, and 
m-xylene. 'I'he formation of aromatic hydrocarlswis rom petroleum oils by this 
means is regarded as due to the splitting or cracking of high-boiling complex hydro¬ 
carbons containing the phenyl radicle (not to the dehydrogenation of najihthalcnes, 
formation of acetylene, an<l condensation of the latter U) lainzcne, etc.), and evidence 
is adduced in support of this hypothesis. 

The Sdi'ntific Anurican,* observes that an English comimny is securing a very 
large yield of gasoline from petroleum by catalytic hydrogenation. I'hc method 
is practically the same as that recently applied in the conversion of lirjuid fats to a 
solid form or to solid fatty acids with a higher value. A tall still with a conical iiot- 
toin receives a steady feed of jietroleum and hydrogen ga.s under pressure. This 
mixture enters at the bottom and passes over finely-divided nickel which cntalytically 
bringiS about a reaction between the hydrogen and oil Gasoline is formed which 
paa.ses off os a vapor at the temperature of the still, while the heavier hydrocarbons 
formed fall back into the catalyst and react with hydrogen. Finally a tarry residue 
must be removed and the nickel regenerated. 'I’he issuing ga.ses pass into a cooling 
chamber where the gasoline is condensed. The hydrogen unused up to that ]»int is 
forced back and passed through the still once more. 

By a cracking process of Valpy and Lucas, f steam i,s superheateti lo a 
temperature slightly below the cracking-point and i.s sprayed into tlie oil 
in a still. The mixture of oil, vapor and steam is jiassed through heated 
catalyzing tubes of nickel, which may Ite packed with catalyzing material, 
and thence to a coil in the oil still where the heat of the cracked vapor is 
utilized for heating the oil. The catalyzing tubes may be heated elec¬ 
trically, or by an oil burner, t 

A modification of this method of cracking oil of Valpy and Lucas, § 
consists in removing oil vapor from a still by means of steam or an inert 
gas under pressure and the mixture is brought into contact with a heated 
catalyst, such as nickel or one of its alloys, or nickel suboxide or oxide, 
and. the pressure of the mixture after leaving the catalyzing chamber is 
reduced suddenly. The light oils produced are condensed. || 

A catalyst for cracking petroleum oils descrited by Lucas is prepared 
by heating a mixture of oxides and oxalates of iron and nickel, chromium 

* May Z-f, 1914, p. 42.1. 

t BritiHh PaU-nts Nos. 20,470, .Sept. 10. 1913 and 2838, Feb. 3, 1914. 

t J. S. C. I., 1915, 71. 

{i British Pafenta Nos. 12,653. May 22, and 18,923, Aug. 21, 1914. 

II J. S. C. I., 191.5, 707. 

t U. S. Patent No. 1,168,404, Jan. 18, 1916. 
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or col)aIfc to a sint^oring tomporat.uro with small amoniit-s of carbon an{l 
aluminum, magnosiiiin or (^oi’iinn to the (•()nii)ouiuls. Tl.o 

metallic catalyst thus foimrd retains its efficiency in continued use for 
(tracking oils for a considerable time. 

For the production of light hydrocarbons from heavier oils and the like, 
Sabatier and Mailhe * recommend a two-stage method as follows: 

First stage: 'Phe vapors corning from solid or liquid hydrocarbons to be treated 
ar(‘ directed against wires or metal bladcii rendered ineandeacont by an elcetrio 
current. The liquid to he converted, or its vajwr, is brought into contact with them 
either alone or mixed with hydrogen or any gius rich in hydrogen. Wires of various 
metals (tan Ijc employed, (tither platinum or metal of the platinum series, iron, cop- 
p('r, cobalt, tantalum or any wire.H that can be rendered incandescent by an electric 
current, of any kind, or wires covered with catalyzing metals or oxides, such as 
oxides of thorium, zirconium, uranium, titanic acid or mixtures of these oxides. 
The temperature of the wires is raised h}' the passage of electric current from 3tX)‘’ 
to dark or hriglit red. The dissociation of hydrocarbon products into more volatile 
hydrocarbon products is the more complelx^, tlic greater the length of contact of the 
wires, or the surface of the catalyzing metals, or catalyzing oxides heated by wires 
through whicdi an elect ric current is passing. The output of volatile liquid i>roducts 
and of gius is the greater, the higher the temperature. At. the outlet of tlio ai)paratus 
in which th(‘ kerosene or heavy petroleum oils, have been exposed to the catalytic 
action, conden.sing apparatus is provided to cool the products of the reaction wliich 
comprise: 1 Hydrocarbon gases mixed wdth hydrogen, which can be utilized cither 
directly for heating and lighting, or for (‘xplosion engines, or as compressed gases for 
lighting or for the manufacture of hydrogen by destructive distillation. 2. Liquid 
hydrocatt)ons distilling below 150®, containing noii-saturated oxidizable hydrocar¬ 
bons which arc treated in the second stage. 3. Liquid liydrocarbons di.stilling 
between 150® and 300®, which can either l)e mixed again with the original raw mate¬ 
rial, in order to l)e submitted to a new treatment, or submitted to the action of the 
second stage in order to render them suitable for lighting purposes. 4. Liquid or 
solid products which do not distil under 300®, and which must be mixed again with 
the original raw' material, in order to be submitted to a new treatment. 5. Solid 
carbon substances which arc separated. 

Second stage: The liquids which are volatile under 150®, os well as those which 
distil between 150® and 300®, arc constituted for the greater part of non-saturated 
oxidizable hydrocarbons, which can lie utilized immediately for explosion engines, 
lighting, etc., or convert-ed into saturated hydrocarlwus which are practically non- 
oxidizuble in the air, by direid- hydrogenation of their vapors by means of divided 
nickel or similar metals. In order to carry out this second stage, hydrogenation 
may be effected by using, in place of divided nickel or similar metals, a nickel wire, 
blade or tube arranged in the form of a spiral or net work, heated to a temperature 
between 200® and 350® by the iiassage of an electric current. Cobalt, copper, iron, 
platinum, or metals of the platinum series may similarly employed. Divided 
nickel, copper, cobalt, iron, obtained by the reduction of their oxides; platinum in 
its various forms, or metals of the platinum group, supported on a metallic conductor 
also arc recommended. 

*U. S. Patent No. 1,124,333, Jan. 12, 1915; Chem. Aba., 1915, 710. French Patent 
No. 475,303, Fob. 4, 1914; J. S. C. I., 1916, 34. 
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Sabatier and Mailhe,* in (heir procc-ss of erackinR oils by passing oil 
vapors ov('r a catalyst, at teInp(^^atu^(w Ix^twecn 400° and dark red heat, 
prepare Hk' eaf alyst of finely-dividwl metal or mel.als, or metallic oxides 
or salts thal. can be nxluced (« form divided me(,al, together with neutral 
refractory substances free from silica and an agglutinant free from silica. 

Suitat)lo refractory materials are magnesia, ahimina, bauxite, lime, baryta, 
Btroritia, or the corresponding carbonate, or graphiU^. 8uital)lc agglutinants are 
glue, dextrin and starch. Examples of such compounds comprise: (1) iron filings, 
magnesium oxide and dextrin; (2) oxide of iron, magnesium, liauxitc and glue; 
(3) finely-divided iron, alumina and dextrin. 1'he resulting eoinjiounds are moulded 
and dried and ])ackcd into cracking tubes coinposcnl of metal or eartlienware lined 
with a non-siliecous coating. When the catalyst lose.s its activity by reason of the 
dejjosition of carbon, it is revivified by the passiige of stefim, a gaseous mixture of 
hydrogen, carbon monoxide and oarlwn dioxide being producexl. This gas can be 
utilized as a reducing agent or fuel, the carbon dioxide being removed by washing if 
necessary. The metallic oxide formed by the steam, and the oxide used in making 
tlie catalyst initially, are reduced to metal by means of hydro(^arlK)n vaiiors. 'Phe 
volatile portion of the products of tlu* cracking operation, namely, that distilling 
below ir)0®, is treated for the removal of the malodorous un.saturated compounds 
by reduction with hydrogen iti pnjsenec of finely-divided metals at 150" to 300®. 

Hall t cracks oils for the inanufa(d.ure of motor spirit by heating the 
vapors of the heavy hydrociirboiis under piessure in the pres(^iK^e of a 
catalyst capable of affixing hydrog(*n to hydrocarbons, then allowing the 
vapors to expand and deposit carbon, and finally condensing the vapors 
with or without preliminary deplilcgmation or subsequent distillation. 

The operation may be conducted under a pressure of five atmosjjheres and at a tem¬ 
perature of 600® and upwards. Gas oil treated in this way yields 5U to 70 per cent 
of oil of sii.gr. 0.765 suitable for gasoline engines. Metals such as nickel, cobalt, 
silver, palladium, chromium or inanguncsc, or their oxides, may be used as catalysts. 
In one form of apparatus the oil passes through a preheater into a converter consist¬ 
ing of tubes containing cylindrical nickel rods, and the products escape through a 
rcducing-valve into an expansion chamber, fitted with a metallic gauze screen and 
thence to a condenser. 

The unsaturatod materials formed during the process are claimed to be saturated 
with hydrogen which is derived from the oil itself. No water, steam, hydrogen or 
outside source of hydrogen is used.f 

In a paper by Hall on the cracking of oils read before “ The Institution 
of Petroleum Technologists,” 1914, the utility of steam as a source of 
hydrogen in cracking processes involving parsing oil through heated tul)es, 
is discussed by Hall, who states: 

* British Patent No. 16,791, July 14, 1914; Chem. Aha., 1916, 273; U. S. Patent No. 
1,152,763; Chem. Abs.’, 1915, 2814. 

t British Patent No. 17,121, July 25, 1913; J. S. C. I., 1914, 1149. Sec also U. S. 
Patent No. 1,261,930. April 9, 1918; Chem. Abs., 1918, l597. 

t U. S. Patent No. 1,176,909, March 14, 1916. 
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“ As far as any advantage from the use of water as a hydrogenating agent is 
concerned, I am sure it is nil, whether with or without a catalytic combiner, and 
I have operated fair-sized apparatus for weeks with nickel and other so-called cata¬ 
lyzers, first with and then without water, and we could never notice any material 
difference. If hydrogen without oxygen is utilized, l)ctter results are obtained, but 
the expense appeals to be prohibitive. With nickel rods in the tubes, and with 
water used with the oil, I have found the rods so heavily coated after a six- or eight- 
hour run, that the coating could only be nmiovcxl by buffing. It was impossible 
in any way to wipe it off. Tlie substitution of copper for nickel rods gave equally 
good resubs. In large tubes, 1 in. or jnore, water in excess? of 8 per cent or 10 per 
cent is utterly impracticable, if the process is conducted under ])res8ure, and at any 
rate of feed that would be commercially economical, us no uniform pressures can be 
maintained.” 

Hall further states that * the admixture of water or steam with the oil 
(luriiiR era(!ldng neither prevents decomposition of carbon nor promotes 
hydrogfuiation of the unsaturated liydrocarbons. The latter, in large 
proportion, are objectional)Io in eracked spirit mainly because of the 
resinous carbon colloid with which they arc usually associated and which, 
by oxidation, tends t-o form a varnish-like product detrimental to the work¬ 
ing of motor engines. Owing to the combination effected in the com¬ 
pressor between the (»iuiensable vapor and the fixed gases, the spirit 
o))tained by Hall’s method is staled to be largely frce from this objection. 

Hy another modification of the Hall process t motor spirit is jsrodueed by passing 
a kerosene fraction boiling np b) aliout 220°, from which the gasoline has been 
removed I" between minute intersticts under very high pressure, such as 1000 to 3000 
111 . jier square inch, in the presence of hydnigen, coal gas, or other gas containing 
Iree hydrogen or a hydrocarbon gas such as ethylene or oil gas, and at a temperature 
not above the lowest boiling-point of the liquid, e.g, 100° to 120°. Combination 
of the gas and oil is said to take place. Suitable apparatus comprises a scries of 
discs or plugs, preferably nickel between or through which the liquid is forced. The 
discs or plugs may Iw scratched to form line grooves.} 

Lamplough § comments on the relative value of various catalysts em¬ 
ployed in bringing about reaction between the vapors of oils and water. 

He states that burnt clay or aluminum silicate, which has frequently been rec¬ 
ommended, is very slow in action and is open to the objection that the clay is apt to 
become clogged by deposition of tarry masses which can lie. removed only with great 
difficulty. The u.se of iron as a catalyzer is stated to be ojien to the objection that 
if the water vapor is used in excess the iron will rust and become unsuitable for 
u.se. Nickel in the form of fine particles is similar to clay with respect to becoming 
coated with particles of tarry or carbonaceous matter. On the other hand nickel 
in the form of a compact metal has been found by test to remain free of carbon 
deposits, while exhibiting the desired catalytic effect. 

» J. Inst. Petrol. Tcclin., 191S, 1, 147; J. ,S. C. I., 1910, 296.' 

t British Patent No. 103,720, Mur. 4, 1916: Chem. Abs., 1917, 2043. 

} See French Patent No. 431,066, Feb. 25, 1916. 

5 U. S. Patent No. 1,229,098, June 5, 1917. 
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A fuel suitable for use in automobile engines is obtained by Higgins and Preston * 
from heavy hyd'ocarbon oils by heating them in a nonverter under pressure to a 
temperature sufficient to volatilize the heaviest constituent of the oil, passing the 
vapors alone or with hydrogen gas over a catalyst, and condensing them in contact 
with the catalyst. The apparatus comprises a converter fitted with a pressure- 
regulating valve which is kept closed until the requisite temperature is reached. 
After the valve is opened, the vapors, together with hydrogen admitted into the 
converter, pass to a condenser which contains a cartridge of cataly.st. The (-atalyst 
may consist of nickel oxide and pumice stone. The process may be applied to tla^ 
treatment of shale oil, crude benzene, crude naphtha, crude tar oil, or paraffin oil, 
or to mixtures of crude Ijenzene with crude naphtha, paraffin oil, or coal-tar oil. 

A process of making gasoline from heavier oils by cracking is descrilxtcl 

by Low. t 

In one form of t his process the oil to be cracked is sprayed into contact with a 
heating element which may carry a catalytic body. Iron, nickel, cobalt and copper 
arc mentioned for this purpo.se. The .spraying operation may be carried out in a 
clOiSed vessel in an atmosphere of hydrogen or blue water gas. Under such condi¬ 
tions it is stated that unsaturated compounds may be converted into saturated com¬ 
pounds. A hot nickel surface in a hydrogen-containing atmosphere is particularly 
advantageous in causing the formation of saturated gasoline from heavy oils pro¬ 
jected against such .surface. 

According to a process devLsed by Wells J directed to the production of 
gasoline from heavier petroleum products, oil vapors are conducted into a 
bath of molten lead, which is heated to altout 480° to 540° C. and violently 
agitated by mechanical means at the moment of contact.! 

Wells 11 also recommends the following cracking process: Preheated 
kerosene or a heavier petroleum oil is fed through a hot cracking chamber 
filled with jackstones coaRd with nickel or other catalyst and the crude 
gasoline thus formed Ls preferably refined by a further treatment with 
hydrogen and a catalyst at a temptirature of about 240°. 

In cracking petroleum oils in the presence of hydrogen, Whitaker and 
Leslie ^ have reached the following conclusions: 

■ 1. That effects often a.scribed to catalysis are in reality dun to effective 
heat transfer by conduction and convection from the large heated sur¬ 
faces exposed to the gases. 

• 2. That hydrogen is produced from an oil even when the cracking takes 
place in hydrogen. 

3. That considerable absorption of hydrogen takes place when an oil is 
cracked in an atmosphere of hydrogen, and this absorption is greater the 

• British Patent No. 23,876, Dec, 10, 1014; Chem. Abs., 1916, 1594. 
t U. H. Patent No. 1,192,653, July 25, 1916. 
t U. 8. Patent No. 1,187,874, June 20, 1916. 
i J. a C. I., 1916, 883. 

II U. 8. Patent No. 1,248,225, Nov. 27, 1917; 

^ J. Ind. Eng. Chem,, 1916, 694. 
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higher the coneentration of hydrogen, the higher the temperature (within 
the range studied), and the lower the oil rate. 

4. That no marked and consistent difference in the amount of tar formed 
when an oil is decomposed alone or in hydrogen at temperatures of 723° C 
or below is noticeable. At 825 ° C. less ter is formed when the oil is cracked 
in hydrogen. The tars formed Mow 723“ (I are in large part unchanged 
or partly changed oil, whereas tho.se. tars formed above 800° C. are essen¬ 
tially compo.sed of synthetic products. 

5. That the reactions which result in decreasing the proportion of 
illuminants arc the most rapid. 

6. That the presence of hydrogen during the decomposition of an oil 
has the effect of increasing largely the proportion of the carbon of the oil 
appearing as hydrocarbons in the gas. 

7. That with correct design of .apparatus, and proper adjustment of 
temperature, rate of oil feed, and concentration of hydrogen it is po.ssible 
to obtain gases of widely varying compositions. 

A mcf.hod of cracking heavy hydrocarlions in the presence of hydrogen, 
proirosed by Bergius* involves treatment in an autoclave at a temperature 
below 500° and under a pressure of over 20 atmospheres in order to obtain 
light hydrocarbons in the form of satuiuRid Ixinzine. f As an example. 
11 kilos, of gas tar are heated with hydrogen at 100 atmospheres pressure, 
to 400° C. After four hours the mass is distilled at about 250° C., and 
about 60 per cent of distillate resembling petroleum oil is obtained, which 
can Ix! further treated by rectification, f 

A most interesting and ingenious method of hydrogenating coal is 
described by Bergius and Billwiller.§ These investigatore find on heating 
coal with hydrogen to a temperature between 300° and 500° C., involving 
pressures up to 200 atmo.sphercs, the hydrogen combines with the coal, 
forming hydrocarbons which are liquid at ordinary temperature or have a 
low. ^ting-point. Only a very small amount of methane is produced. 
This, they obtain distillates from coal amounting to nearly 100 per cent 
of the carbonaceous substance, whereas by the usual method of distilling 
coal the liquid products usually do not exceed 3 per cent. The nitrogen 
contained in the coal is transformed into ammonia. Some bodies of the 
phenolic type are produced. The reaction is shortened if a solvent such 
as benzene is employed. The process is applicable to the treatment of 


* Austrian Patent No. 71,20S, June 26 , 1916; French Patent No. 470,651, Apr 6 1914 - 
J. S. C. I., 1915, 167. 

t British Patent No. 5,021, Mar. 31, 1915. Addition to 18,232 of 1914- J S C I 

1916, 167, 732. .. 

tJ. S. C. I.. 1915, 862. 
i U. S. Patent No. 1,251,954, Jan. 1, 1918. 
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wood, peat, tar and pitch in like manner. Bergius and Billwillcr give 
several illustrations of the method of procedure, the following being noted: 

1, 400 kg. powdcTC'd coal are filled into a pres.sure-rc.sisting vessel of 
about 400 liters capacity, which is connected to a tank in which hydrogen 
is hold under 200 atmo.sphen^s pn^isure. After fifteen hours the con¬ 
nection with the hydrog(>n tank is turned off and the vessel is emptied. 
About 10 to 1.5 kg. of hydrogen have then hn'n consumed, according to the 
qtiality of coal used. From the conf.ents of the vessel more than half of 
the coal can be separatal from solid residue as liquid. The mnaining 
part of liquid products in the solid rc'sklui' can be gained by ('xtraetion. 

2. 150 kg. powdered coal are pkiced with an equal quantity of lu'avy ben¬ 
zine in a prcssui-e-resisting vessel of about 400 liters capacity, connected 
to a hydrogen tank, h’or the purfxjse of mixing, the vessel is rotated. 
After twelve hours, at a temperature of 400”, the vessel is opened and the 
liquid produced is separated from the solid rtwiduc. Only 15 p<‘r cent of 
the weight of coal emi)loyed is then left. The remaining 85 per cent is 
dissolved in the benzene. The consumirtion of hydrogen is about 

5 kg- 

One modification of a method of cracldng oils used by Ellis * involves 
passage of the raw oil material, such as kcro.senc, through a heated zone 
containing catalytic bodies, in the prestmee of added gases derived from 
the decomposition of oil wliich has previously passed through the cracking 
zone. In anoth(>r modification f kerosene or other oils heavier than gas¬ 
oline are decomposed by heating in a series of superposed nearly hori¬ 
zontal pipes. The temperature of the oil is gradually increased as it 
passes through the pipes and after the maximum cracking temperature 
desired has been attained the heating is continued in the presence of 
catalytic material at a gradually decreasing temperature until the products 
have assumed a state of stable etiuilibrium. The gasoline is then 
condensed. 

■ An apparatus described by the Standard Oil Co.J for converting heavy 
hydrocarbons into gasoline and other light oils § consists of a still con¬ 
taining catalytic plates suspended in the vapor space, or interlocking down¬ 
wardly convex plates supported by hinges and extending over the bottom 
of the still in such a manner as to provide for the circulation of the oil. 
The catal}dic surfaces may consist of copper, brass, steel, or other metal in 
the form of solid plates or gauze plates; plates of mineral fibres such as 
asbestos or glass may also be used. 

» U. S. Patent No. 1,216,971, Feb. 20, 1917. 

tU. S. Patent,,No. 1,249,278, Dec. 4, 1917. 

j Britiah Patent No. 7,541, Oct. 20, 1914; Chem. Abs., 1916, 2798. 

I Usins the process described m British Fatcat No. 29,862, 1912; Chem. Abe., 8, 2058* 
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Tho use of sulphur to proniolo tlio cracking of heavier oils fo yic'ld 
lighter products such as naphtha or tenzinc is suggested by Day.* 

He states that ()y iuidinf! sulphur or a .sulphur compound to crude oils or distillates 
eontaining little or no sulphur such oils can be more eiusily decomposed by heat under 
the proper pressure with the production of an increased yield of distillates lighter 
in specific gravity than those which would l)e produced by the ordinary procc.ss of 
Hinu>le cILstillation. It is also .stated tliat the distilling o[)eration may be (tarried 
out in the pnwnee of a hydrogen-containing gas and a catalytic agent or jxjrous 
contact substance in the manner previously proposed by Day (see pages 10 and 20). 
The sulphur may be added to the oil in the form of the sulphide of ammonium, 
sodium, inui or copper or as hydrogen .sulphide. Hulphates are not applirtable for 
use in this process. A perforated supply pijtc, sec Fig. 5iir, for admitting oil and gas 



is placed near the bottom of the still. Hydrogen and hydrogen .sulphide may be 
admitted at tlii.s iioint. Conhud material in the tubes above the perforated pipe 
may he iron by hydrogen, zinc du.st, reduced nickel or (iobait, dry porous clays, 
spongy platinum, or ijulladium. Day states he has found that the cracking opera¬ 
tion is greatly aided by pass.ng a hydrogen-carrying gas or vapor, such os hydrogen 
sulirhide, ammonia, illuminating gas, or water gas, or steam through the oil and 
thence pas.sing the commingled oil vapors and hydrogen from the space above the 
oil thro^lli poroMmifiSorptivo contact material. A catalytic action here takes place, 
the hydrogen beSog combined with the previously unsaturated hydrocarbons, result¬ 
ing in the production of oils having a lower specific gravity and lower boiling-point. 

As examples of the carrying out of this procc.ss, Day states that he placed lOO cc. 
of crude petroleum in a retort, and first distilled off the distillate obtainable by the 
ordinary cour.se of distillation obtaining on the average 3 per cent of distillate, 
distilling below 1.50° C., 20 per cent of distillate distilling between 150° and 
300° C., in the case of Mexican oil from well No. 4 of the Potrero del Llano 
district, Mexico, Province of Vera Cruz, and determined that the distillates, 
even the 3 per Cent of naphtha distilling below 150°, had a burnt and objection¬ 
able odor and would be characterized by more than 50 per cent of uusaturated 
hydrocarbons. With another portion of the same crude oil, the distillation was 
repeated, using 5 to 10 per cent of sulphur. The result was an increase up to 
♦ U. S. Patent No. 1,221.898, Apr. 3, 1917. 
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from 7 t.o 10 per cent in the yield of n<aphtha and up to 30 to 35 per cent of burning 
oil, the difttiliattt iK^tweon 150° and 300“ (^, having a very marked improvoineni in 
the odor, as soon as tlie Hulphuitdtcd hydrogen amnnijanying these distillates was 
removed by the addition of a dilute solution of soda. By the treatment of the first 
distillate obtained, without the addition of sulphur, with sulphuric acid it was 
impossible to obtain a water white oil; the distillate obtained with the use of sulphur 
was quite easily refined. Both samples were tested as to the content of uiisaturated 
hydrocarbons, and it was found that the <listillate Ix^tween 150“ and 300° C., by the 
ordinary process contained over 50 per cent of uiisaturated hydrocarbons. The 
te.st was carried out by shaking the dist Hate for fifteim minutes with an equal volume 
of sulphuric acid of 1.84 gravity This test when applied to the oil from the sulphur 
distillation, showed loss than 20 j)er <;ent of unsaturated hydrocarbons. These 
experiments were carried out on a larger scale in iron fitills in the laboratory of an 
oil-refining company with similar results. 

To Ronvert hydroRarbons of high boiling-points into produ(hs of low 
boiling-points, Rostin and Forwood * suggest that a heavy hydrocarbon, 
in the form of vafMr, be mixed with hydrogem sulphide and brought into 
eontact with a substance such as heated copper capable, of hherating 
the hydrogen of the hydrogen sulphide. The nascent hydrogen combines 
with the vapors of any unsatumted hydrocarons produ(«d. Tlie copper 
sulphide arising from the op(!ration may be treated with gases rich in 
hydrogen, fonning hydrogen sulphide and copper. 

The Simplex Refining Co.f (leecribe a cracking process in which heavy petroleum 
oil is made to circulate, with or without pressure, in a continuous cycle, througli 
serpentine tul)ca, which arc heated to tlie cracking-point of the oil, and ineana arc 
provided or the continuous withdrawal of the resulting vapor and the addition of 
fresh oil to keep the circulating oil at a constant volume. A i)ortion of the con¬ 
densed light vapor is injected into the residue when it returns to the heating vessel. 
Advantages claimed for the process are regularity in working, and the prevention of 
overheating and formation of cai bonacoous and viscous depo.sits within the tubes. 

Aromatic compounds are prepared l)y dehydrogenation of petroleum oils uccording 
to Mann and Chappell, t The amount of benzol, toluene, xylene and other aromatic 
compound.s in petro'eum oil is incTou.scHt by heating the oil in retorts to BOO” to 750° 
under a pressure 1 to 4 in. lielow atmospheric prcs,sure in the presence of 500 to KOO 
cu. ft. of air for each 15 to 20 gals, of oil under treatment, using a lower oxide of nickel 
as a catalyst. Iron or oopjier oxides also may serve as catalysts. The catalytic 
.oxides arc prepared from the corresponding nitrates using a support of pumice stone 
or fire brick.§ 

An apparatus for treating heavy oils and involving the hydrogenation of 
light oils which are produced in the operation has been devised by Brovm.l] 

* British Patent No, 107,034, May 15, 1916. See also Chem. Abs., 1918, 1658; 
Danish Patent 22,824, February IS, 1918. 

t French Patent No. 480,147, November 8, 1915; J. S. C. I., 1917, 127. 

t U. S. Patent No. 1,214,204, Jan. 30,1917;Chem, Abs., 1917,1039; J.S.C.I., 1917,332. 

5 S«i also U. 8. Patents Nos, 1,249,444, Dec. 11,1917, and 1,257,906, Feb. 26,1918. 

li U. 8. Patent No. 1,226,669, May 8,1917. 
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Tho apparatus is shown in Pig. 66rf, in which o is a still or boiler where the oil 
to be Ireated is placed. A pipe b, which extends to the bottom of the still, is used for 
the introduction of hydrogen. The vapor produced by heating the oil is mingled 
with hydrogen and passes through a vertical conduit in which are mounted per¬ 
forated nickel plates c'. These arc supported by csintral rods c’. In the upward 
passage of this vapor and hydrogen, contact with the surface of the nickel is brought 
about and it is claimed that the catalytic act on of nickel is thus utilized. The vola¬ 
tile products obtained from the process arc passed to a condenser. A water-cooling 
device q is placed about the conduit c in order to main¬ 
tain the temperature sufficiently low to condense vapors 
of heavy oil, this condensate being returned to the 
still or boiler. 

'J’ho cracking of gas oils in various atmospheres has 
been inve.stigated by Downing and Pohlman.* The 
atmospheres u.sed were nitrogen, carbon dioxide, au-bon 
monoxide, hydrogen, methane, blue gas, and a mixture 
of blue gas with 10 and 20 per cent of steam, rcs])cc- 
tively. The effect of each diluent on candle-power and 
the production of gas, tar, and carbon was .studied. 

The application of a high-tension electric dis¬ 
charge? for the purpose of increasing the jn-oitor- 
tion of fixed gases, in gases or vapors obtained 
by the cra(?king of oils has bet'.ii proposed by 
Davidson and Ford.t 

They state that the constitution of the hydrocarbon 
constituents in a gas of this character may he materi¬ 
ally changed by the action of the electric discharge, the 
general effect licing the formation of bodie i of less 
molecular weight which are not condensable, thus 
increasing the proportion of fixed hydrocarbon constit¬ 
uents of the gas as compared with the other com¬ 
ponents, such a-s hydrogen or carbon monoxide. In tests which were made the 
amount of methane in the gas wa-s increased from 25 per cent to about 40 per 
cent, while the amounts of C„Hj„ were increased from between 7 and 10 per cent 
up to ‘lo and 25" per cent. In carrying out this process, apparatus which is similar 
to that used for the electrical precipitation of suspended matter from gases may be 
employed. 

Cherry J descr bes a me hod for the production of hydrocarbon compounds by a 
synthetic process involving the use of a high-frequency electric current. Cherry 
states that a rearrangement of the molecular st ucture of a hydrocarbon can be 
brought about to change the boiling-point and gravity, by subjecting the hydrocar¬ 
bon to the silent discharge of a bipolar oscillatory high-frequeney electric current 
and the Imiling-point and gravity of the compound produced can be varied by 
varying the frequency of the current apiilicd; and furthermore, a relatively low-grav- 

» Am. Gas. Inst. Gas. ,1., 1917, 137, 24-20; J. S. C. I., 1917, 125. 
t U. S. Patent No. 1,229,042, June 6, 1917. 
t U. S. Patent No. 1,229,886, Juno 12, 1917. 
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ity hydrocarbon can be so changed ns to produce n compound of higher gravity and 
of lower boiling-point by subjecting such low-gravity compound to the electric dis¬ 
charge when the low-gravity hydrocarbon is in a vaporized state and mechanically 
mixed with a small proimrtion of a high-gravity low boiling-point hydrocarbon 
while a high-gravity low boiling-ixiint hydrocarbon (such as casing head gasoline) 
can be so changed as to produce a product of low'cr gravity and higher boiling- 
point, by the action of the electric discharge while the high-gravlty hydrocarbon 
is in a vaporized state and mechanically mixed with a small jiroportiori of a rela¬ 
tively low-gravity high lioiling-point bydrocarlmn. 

In practicing Cherry’s pnjeeas, the vaiiorizcd or gasmus hydrocarbon material 
is passed through a bipolar oscillatory high-frequency silent electric discharge, and 
a rearrangement of the molecular strueturc is sbited to be thereby brought about 
to either inerease or decrease the proportion of hydrogen in (he resulting compound 
without the waste incident to destructive distillation The vaporized or gaseous 
hydrocarbon may be passed through a [icculiar electric field or an electric treating 
ehamber provided with sejiaratcd electrodes between which the hydrocarbon body 
flows so that this body will be subjected for a more or less extended period of time 
to the silent electrical discharge oscillating back and forth between the electrodes. 

As an example of the application of the method to hydrocarbon compounds of the 
Iiaraffm series, one volume of pentiidecane (Ch.Hjj) is introduced into a still, to 
every two volumes of methane ((IIL) and the mixture of the rc.sulting vapor and gas 
rising from the liipiid in the still is passed through an electric field under jiroper 
heat and pressure conditions, a resulting liquid product being drawn from a condenser 
eonsisting of octane while the excess of methane is separately collected. In this 
instance, approximately the following reaction is claimed to take jilace. 

(CaHs,) -1-2(011,) =2(0,11 „) -b (OH,). 

Hirt * subjects! petrolcuin oil to an electric arc in the presence of hydro¬ 
gen under pressure. (Ixygen or steam may Ixt introduced to remove carbon 
deposits. 

Coast t mixes petroleum oil, natural gas and steam and subjed.s the 
mixture to pressure at a cracking heat. By mixing the steam and gas 
with the oil, a much “ sweeter ” and better product (gasoline) is obtained 
and the yields are found to be improved. 

Heavy oils, kerosenes and petroleum residues, are converted into gasoline 
and other volatile oils by distilling in a still in which hydrogen is injected 
into the oil by a pipe, and then passing the resulting mixture of oil vapor 
and hydrogen over nickel plates, the operation being effected under a 
pressure, e.g., five to ten atmospheres. The nickel plates consist of per¬ 
forated discs held in position in a vertical pipe by a central rod. The 
vertical pipe may also be lined with nickel. A cooling-system surrounding 
this pipe ensures the return of heavy oils to the still. J 

» U. S. Patent No. 1,250,S79, Dec. 18, 1917. 

t U. S. Patent'No. 1,262,401', Jan. 8, 1918, 

t Dampierre, British Patent No. 109,796, Aug. 15, 1917; Clicm. Abs., 1918,222, 
French Patent No. 478,831, Feb. 22, 1915 and Addition No. 20,331, Aug. 1, 1917; 
Cham. Abs.. 1916, lo, 2297 and 1918, iz, 1121. 
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The hydrogenation of petroleum is earried out by Thompson in the 
follovvinp; inaniK^r:* * * § A eatalyzc'r is prepared by rediicinj!: the oxide, 
nitrate, carbonate, acetate; or foritiate of nickel by hydrogi'ii at a tem¬ 
perature of 321)° to 300° (L, for one-half to one hour. The (;atalyzer 
is added to the hydrocarbon which is heak'd in a cracking still and 
purified water ga.s or [jure; hydrogen is pas.sed through in large volume 
with strong pn'.ssui’e and agitation. The resulting mixtun; of gases 
and vapors is pa,ss(‘d to condensen-s and the re.sidual gases may be; usc'd 
again, if considerable hydrogc-n is present. As the; above iiK'thod of 
making tin- catalyzer gives a i)yrophoric in-oduct., the reduced mak-rial 
.should be mixed with oil and pumped to the .still to avoid oxidation. 

Anotlu'i' iiK'thod of jn'ciiaring the catalyzer is: mix nickel formate 
with petroh'um oil and pass the mixture into the; still while injecting a 
strong cui-rent of wat-er giis. 'Ihe passage of the gas through the oil 
sc'rvc's to agitate' the contents of the n'ccptacle and the agitation may bo 
further supijlenu'uted by a stirrer. Thoini)son stat.es that the formate 
is detxnnposed, leaving the nickel in an alm<,st colloidal state of 
fineness in the' oil. An amount of catalyze)' up to 2 pn cent may be 
employc'd. The' catalyze')' is j'ce'eeve'j'cel frenn the' still residue by wa.shing 
wit.h he'jizejl. 

Te.st.s e'eneelucte'd by Cross f with many catalytie' boeliei.s inclueli])g 
aliuni))uni ])e)wele'r, nie'ke'l, e:oppe;r, me'rcm'y, zinc dust, iron dust, anel 
j)lat.i))ized puteeicc eliel )iol. afford ino'oase'ei yie'lel.s e)f light hyd)'ucarbons 
f)'o]n heavie)' oils. 

Rittman observes that neany inventors have made claims to processes 
of hydrogo)iation of pet)'oloum oils in connection with their method of 
“ c)'acki))g.” 1)1 )uosl. of these cases the hych'ogcn is derived from 
steam which is eidmitted with the oil or else is derived from the hydro¬ 
carbons themselves by employing a suitable catalyzer, t 

Jolicard § states that aromatic hydrocarbons are produced whoi coal 
is t.rearted at 400° C. with nascent hydi'ogen in a furnace, which is not 
heated externally. The hydrogen may be produced for example by 
introducing a mixture of superheated steam and air at 600° C.; or 
carbon monoxide, (producer gas, water gas) at 6(X)° C. may be used in 
place of all or part of the air. A gaswius catalJ^st, such a chlorine or 
hydrochloric acid, may be introduced, or a solid catalyst, such as copper 
or nickel, may be deposited on the coal. 

* U. .S. Patent No. 1,160,670, Nov. 10. 1915. 

t Petroleum, Asplialt and Natural Gan, Bulletin No. 14, Kansas City Testing Labora¬ 
tory, 97. 

} Bulletin 114, Bureau of Mines, 20. 

§ French PaU*nt No. 475,4311, Feb. 17, 1914; J. S. C. I., 1916, 3C. 
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Zeming* passes a mixi.un^ of heavy petroleum and water (1 part 
water to 0 to H) part.« oil) first through a healer to raise the tempera- 
tun; of the mixture to 300° to 400° (tlien through tubes at a dull red 
heat, condenses and passes the gases frotri the condensers under pressure 
into a body of petroleum at ordinary temperature, from which gasoline 
is subsequently recovered by distillation. 

Cracking Tars and Oils. Tars and ininei'al oils are treated for the pro¬ 
duction of Iwiizene, toluene, easencos, etc., by heating them in a closed 
vessel under pressure and allowing the vapors formed to expand when the 
requisite temperature and pressure have bmi reached. In the cate of 
tar, temperatures between 90° and 450° and prc.ssures between 2 and 18 
kg. per square centimeter are used. The vapors obtained in one auto¬ 
clave may lx; injected into a .second aut.o(;lavc containing tar oi’ oil under 
a different pressure and temperature. The fiiw'ly-divided nascent carbon 
wliich separates acts as a c.at.alyst, the nascent hydrogen also entering into 
reaction, t 

The residue from the manufacture of oil gas may lx; t reated directly with 
hydrog(;n to form new hydrocaihon eompounda which are capable ol 
further decomposition. J 

In some experiments made by Davidson § on the heat decomposition 
of a mixture of ethane and propane from natural gas it was found 
that the metals nickel, iron and cobalt hindered the production of 
aromatic hydrocarbons but promoted, to a marked degree, the forma¬ 
tion of hydrogen and carbon. 

• U. S. Patent No. 1,183,206, May 16, 1916. 

t Soc. Lyonnam dcs Euuh et de I’Eclairago. British Patent No. 9,728, July 3, 1915; 
Chem. Abs., 1917, 95. 

$ Rinker, Canadian Patent No. 1K2,1()4, Feb. 5, 1918; Chem. Abs., 1918, 703. 

§ J. Ind. Edk. Chem. 1918, 901. 
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THE HYDROGEN PROBLEM IN OIL HARDENING 

Oleic acid and tiydrogen combine, molecule for molecule, to yield 
stearic acid according to the reaction: 

C18H34O2 + Hj = CisHaeOj. 

Thus 282 pounds of oleic acid require 2 pounds (or about 0.7 per 
cent) of hydrogen for the production of 284 pounds of stearic acid, 
and similarly the transformation of olein into stearin requires the 
use of about 0.08 per cent hydrogen.* 

One thousand cubic feet of hydrogen weigh approximately 5.6 
pounds, hence a pound of olein calls for a little over 0.1 of an ounce 
of hydrogen equivalent to approximately 2500 cubic feet of hydrogen 
per ton (of 2000 pounds) of olein. Thus by weight only a relatively 
small quantity of hydrogen is needed, while by volume the amount 
required, of course, is considcrable.f 

* Tlie amount of hydrogen requin'd for complete conversion is given by Sachs 
(Zeitsch. f. angew. Chem., 1013, 04, 784) as 7.4 kilos or 85 cubic meters hydrogen 
per 1000 kilos oleic acid. 1000 kilo-s of linoleic acid having two double bonds call 
for 14.2 kikw, or 170 cubic meters of hydrogen. 1000 kilos of linoleic with three 
double bonds need 21.6 kilos, or 289 cubic meters of hydrogen, while a like weight 
of clupanodonic acid with its four double bonds requires 29 kilos, or 348 cubic meters 
of hydrogen. The hydrogen requirements per ton of some of the fats enumerated 
by Sachs are as follows: 

Cubic meteri 


Cocoanut oil. 7.8 

TaUow. 33.57 

Oliye oil. 68.80 

Oleic acid. 88.80 

Corn oil. 143.75 


Dr. Holde observes (Seifen. Ztg. (1912), 918) that oleic acid, the most important 
constituent of all semi-drying liquid oils, requires only 2 parts of hydrogen to 282 
parts of oil in order to get stearic acid, while linoleic and linolenic acid require 
4 and 6 parts respectively to 280 and 278 parts. Rieinolic acid, which contains one 
atom of oxygen more than oleic acid, forms an oxystearic acid which has a very high 
melting point, but which also only contains 2 atoms more of hydrogen than the 
original acid. The glycerides of stearic or palmitic acid naturally remain unchanged 
throughout the operation. 

t According to Linde (Production of Hydrogen, Third Int. Cong, of Refrigeration, 
1913) six to ten cubic meters of hydrogen are required for hardening one hundred 
kilos of oil. 
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The following tabulation shows the nature of the reaction in several 
cases: 


Oleic Acid. 

Linolic Acid. 

Linoicnic Acid.... 
Clupanodonic Acid 


CigH3402 + 2 H 
CigHgjO. + 4 H 
CigHsoOi + C H 
CigHggO.. -+■ 8 H 


CigHsoOj 
Si.earic acid 


(Ci8H3302)303H6 4" C H 
Oiein 

C 22 H 42 O 2 "b 2 H 
Enicic acid 

C 18 H 34 O 3 + 2 H 

Ricinolcic acid 


(Ci8H3302)3C3H, 

Stearin 

(I22LI44O2 
Heheiiic acid 

(iigHgfiOg 

Hyiii'oxystearic acid 


One of the problems in the hydrogenation field is that of a cheap 
supply of pure hydrogen. The demand for hydrogen in variou.s 
directions has increased of late and undoubtedly this will lead to 
improvements in the manufacture of the gas. 

The two methods now most favored in the hydrogenation of oils 
are the iron-sponge steam process and the electrolytic nndhod. For 
large plants the iron-sponge steam process is preferred, but it is rela¬ 
tively complicated and scarcely to be recommended for plants calling 
for 1000 cubic feet of hydrogen, or less, per hour. 

In the electrolysis of brine to make eaustic soda and bleach, there 
exists a by-product of hydrogen sufficient in amount to treat au 
enormous quantity of oil. To-day a good portion of this hydrogen is 
allowed to go to waste. Eventually it may be used, to some extent 
at least, for hydrogenation purposes. One electrolyic plant in this 
country is producing about one ton of hydrogen daily. Another 
plant generates nearly one-half a ton, while a third concern discharge 
into the air nearly 300,000 cubic feet each day.* In spite of the vast 

* Similar conditions exist abroad, Blum reporting (Met. and Chem. Eng. (1911), 
157) that enormous amounts of hydrogen gas are produced in the large works for 
the production of caustic soda and chlorine by electrolysis of common salt solutions. 
The hydrogen gas is set free together with the caustic soda at the cathode. The 
quantities arc so large, compared with the demand which exists at present for hydro¬ 
gen, that most of the hydrogen gas is passed unused into the air. The Griesheim- 
Elektron ’Company in Germany produces daily 20,000 cubic meters of hydrogen 
of about 90 to 97 per cent purity. In this case the cost of the gas is practically 
that of its compression and storage. Special railway cars are built in Germany 
for the transportation of 500 cylinders containing 2750 cubic meters of hydrogen 
gas. The cost of shipment of the cylinders is so great that the distribution, of 
course, is only lobal, as regards consumption on the large scale. The Zeppelin Ga¬ 
rage in Frankfort is supplied with hydrogen by means of a high-pressure main from 
Griesbeim. 
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amount of by-product hydrogen obtainable, it appears that oil manu¬ 
facturers prefer to install hydrogen-generating equipment in their 
present works, rather than to ship oil to a source of waste hydrogen 
and conduct hardening operations at some relatively remote point. 

In consequence the present methods of preparing hydrogen arc being 
carefully scrutinized and new systems for the generation of the gas 
arc being studied and developed. For this reason the whole subject 
of the production of hydrogen is here reviewed at some length,* the 
proposed technical method.s for its generation being classified as 
follow's: 

A. Watrr gas as a source of hydrogen. 

1. lleplacemf'nt of carbon monoxide by hydrogen. 

2. Liquefaction and other methods for the removal of carbon 

monoxide. 

B. Decomposition of hydrocarbons. 

('. Action of .steam on healed metals. 

D. V>'cl processes and the decomposition of hydrates. 

1. Action of acids on metals. 

2. Decomposition of water by miscellaneous chemicals. 

3. Electrolysis of W'ater. 

4. By-product hydrogen. 

I’hc hydrogen problems involved in the hydrogenation of oils are 
discussed by Walter f who states that a plant for oil hardening cannot 
well be in.stalled by small concerns, but only by those having power¬ 
ful financial resources, because the cost of equipping for an adequate 
supply of hydrogen represents so great an outlay. If water gas or 
coke oven gas containing 40 to 50 per cent hydrogen could be used the 
matter would present a different aspect. Water gas contains on the 
average; 

Per cent 


I^ydrogcn . 50 

Carbon monoxide. 41 

Carbon dioxide. 4 

Nitrogen... 4.5 

Methane. 0.5 


A plant for the manufacture of water gas is much cheaper than one 
for making technically pure hydrogen. Reckoned on the hydrogen 
content the cost of production of water gas is very much lower than 
that of pure hydrogen. 

* Brahmer, Chemie der Case, Frankfort, 1911, contains much useful informa¬ 
tion on the production of hydrogen. The subject of hydrogen production on a 
commereial scale w treated by Lepsius in Moniteur Seientifique, 1912, 493-600. 
t Seifen. Ztg. (1913), 4. 
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Coke oven gas contains about the following: 

Per cent 


Hydrogen. 46 

Nitrogen. 15 

Carbon monoxide. 7 

Methane. 20 

Ethylene. 2 

Carbon dioxide. 4 


This gas may be obtained in large quantiti(» at low cost in the neighborhood of 
coke oven plants. Many of the patents relating to the hydrogenation of oils refer 
to the use of gas mixtures containing hydrogen as well as to hydrogen gas in a pure 
state. These statements, Walter argues, apiiear apparently only as a precaution in 
order to preclude others from making application for patent protection on the use 
of hydrogen-containing gases in the place of pure hydrogen. He regards the investi¬ 
gation of these hydrogen-containing mixtures as never having been properly followed 
out, but thus far the results obtained are not promising. 

Carrying out the hydrogenation process with hydrogen-containing 
gases involves: (1) the catalyzer must not become contaminated 
with poisons; (2) the process must proceed in spite of the presence 
of foreign gases; (3) foreign gases must not injure the oil. 

Carbon monoxide and nitrogen in the pure state apparently do not 
injure the usual catalyzers in the least. As to the remaining impur¬ 
ities the sulfur compounds are catalyzer poisons. It has been noted 
with water gas that the catalyzer loses its activity much sooner than 
when pure hydrogen is employed. Foreign gases, which are indiffer¬ 
ent in a chemical sense, of course dilute the hydrogen with which 
they may be mixed, and when one is working with a dilute in place 
of a concentrated reagent, the action usually is slower. In this con¬ 
nection investigation shows that with increasing dilution of the hydro¬ 
gen employed, the time required for treatment lengthens, a result 
which, of course, ordinary practice would indicate is to be expected. 
Also hardening cannot easily be carried as far with hydrogen-contain¬ 
ing gases as with pure hydrogen. It can be stated as a general rule 
that in oil hardening the hydrogen conducted into the oil is not wholly 
absorbed, but goes as a stream of gas through or in contact with the 
oil, so a considerable proportion of the hydrogen introduced is not 
used. When one is using water gas in place of hydrogen, the former 
gives up only a portion of its hydrogen to the oil. The hydrogen 
available to the oil is thus proportionately less than with ordinary 
hydrogen gas, and repeated conveyance of the partially-used water 
gas through the oil is as good as useless because of the great reduc¬ 
tion in the proportion of hydrogen. 

Since only a part of the hydrogen contained in water gas may be 
utilized, it is necessary to employ relatively a much larger quantity 
of the latter. Of the 50 per cent or so of hydrogen contained in 
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water gas, according to Walter, only about one-third or approximately 
17 per cent of the total gas is used. To secure the same effect 600 
cubic feet of water gas in place of 100 cubic fwt of hydrogen arc re¬ 
quired, in which case about 500 cubic feet of spent gas results. The 
spent gas, of course, should not be thrown away as this would be 
wasteful and arrangements must be made for its use in heating, 
lighting or power applications. It is not always convenient to thus 
make use of such a large volume of hydrogen-spent gas; furthermore 
it is necessary to make all the pipes and connections larger by six¬ 
fold than when concentrated hydrogen is employed, which means an 
additional expense. 

Finally there is the question as to whether or not the foreign gases * 
contained in water gas exert any detrimental influence upon the har¬ 
dened oil; whetlier they do not during the process bring about side 
reactions. As regards carbon monoxide f and carbon dioxide no 
chemical action on oils or fatty acids under these conditions is known, 
yet eventually catalyzers may l)e employed which cause side reactions. 
If the hardened oil is to be used for technical purposes such reactions 
probably need not be feared, but for edible purposes this may not 
obtain. In this connection Homer has laid down the condition in oil 
hardening that the hydrogen employed must be pure when the fat is 
to be used for edible purposes. Thus when using water gas in place 
of hydrogen, a number of difficulties are likely to arise in large scale 
operation and the seeming financial advantage on close inspection 
shrinks considerably, practically leaving the field to technically pure 
hydrogen,}: 

* The addition of small quantities of a second gas to a pure gas markedly reduces 
the rate of diffusion in liquids, according to Barus (Chem. Abs. (1913), 3871). 

t Caro {Seifen. Ztg, (1913), 852) considers the presence of carbon monoxide in 
hydrogen used for hardening fata with nickel catalyzers to be, under some circum¬ 
stance?, injurious to the catalyzer. Maintaining the temperature of the oil during 
hydrogenation above 200° C. is said to be beneficial, as any nickel carbonyl formed 
will be at once decomposed at that temperature, 
t Goldschmidt (Seifenfabr., 33 , 713) states that a good and cheap source of hydro¬ 
gen gas is one of the greatest problems connected with the process; that such 
impurities in the gas as arsenic, phosphorus, hydrogen sulfide, mineral acids, carbon 
bisulfide, chloroform and acetone poison catalysts of the platinum group; while 
sulfur, chlorine, bromine and iodine unfavorably affect those of the nickel group. 

Fry states that negative hydrogen has been shown to act as a reducing agent, 
since it naturally tends to revert to its ordinary state, positive hydrogen, which 
change is accompanied by the liberation of electrons. (J. S. C. I., 1914, 271.) 



CHAPTKK. XX 


WATER GAS AS A SOURCE OF HYDROGEN AND THE 
REPLACEMENT OF CARBON MONOXIDE 
BY HYDROGEN 

Many suggestions have arisen for the production of hydrogen from 
water gas, involving replacement of the carbon monoxide present by 
hydrogen through the reaction 

CO + H 2 O = CO 2 + Hj. 

Because of the incompleteness of the reaction, those methods proposed 
which do not take cognizance of the accumulation of carbon dioxide 
and consequent repression of the progress of the reaction have not 
been particularly successful. The reaction is a reversible one and 
unless means are taken to remove the carbon dioxide as formed, the 
resulting gas mixture contains hydrogen, carbon dioxide and carbon 
monoxide usually in such proportion as to be too costly of purification 
for handling on the large scale. In consequence lime or other alkali 
has been suggested for absorbing the carbon dioxide. These sugges¬ 
tions appear in the patents to Tessie Du Motay and the Chcmischen 
Fabrik Greisheim-Elektron, as will be pointed out in a more detailed 
manner in the following. 

Engels * has made a careful study of the reaction between carbon 
monoxide, water vapor and lime. The investigations show that the 
most suitable temperature lies between 450° to 550° C. Below 450° C. 
the reaction progresses too slowly, while above 550° C. the conversion 
does not go to completion or side reactions occur. Engels studied the 
effect of additions of an oxide, such as iron oxide, to the lime in order 
to catalytically hasten the reaction and found its course to be much 
improved fay the addition of a few per cent of such catalyzer. The 
reaction is exothermic so no further external heating is necessary after 
the conversion has begun. 

In 1880 Tessie du Motay devised a process for the production 
of hydrogen from water gas.f The latter gas mixed with steam is 

• Uber die Waaserstoffgewinnung aua Kohlenoxyd und Kalkhydrat, Diaaerta- 
tion, Karlsruhe,1911. 

t U. S. Patents 229,338, 229,339 and 229,340, June 29, 1880. 
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passed into a converter containing lime where hydrogen and calcium 
carbonate arc formed. Fig. 57 shows a plan view of the apparatus, 
in which A is a water-gas generator, B represents purifiers in which 



Fig. 57. 


sulfur is removed, C designates superheaters where steam is mixed 
with the water gas. The preheated mixture then passes to a converter 
shown in Fig. 58. The inclined 
passageways of the latter are 
filled with lime in contact with 
which the reaction 

CO 4- H 2 O = CO 2 + H 2 
COj -f CaO = CaCOa, 

progresses, yielding hydrogen 
gas. In lieu of water gas, coal 
gas or the vapor of naphtha 
may be similarly treated. 

The process of the Chem. 

Fabrik Greisheim-Elektron, re¬ 
ferred to above,* involves mix¬ 
ing water gas with an excess of 
steam and passing this mixture over lime or hydrated lime to which 
about 5 per cent of iron powder has been added. The lime is heated 
to approximately 500° O. in an upright retort fitted with an agitator. 
The following reaction takes place; 

Ca (0H)2 CO = CaCO, -1- H^, 

* Zeitach.f. angew. Chem. (1912), 2401; Britiah Patent 2523, Feb. 2, 1909. 
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with evolution of heat, and the reaction chamber is cooled so that 
the temperature does not exceed 500° C., or the temperature at which 
calcium carbonate commences to dissociate. The carbonate is re¬ 
generated by subsequent calcination.* The presence of water vapor 
or of lime in the hydrated condition is essential for the rcaction.f 
If absent or present in insufficient quantities the carbon monoxide 
is absorbed by the lime without the formation of hydrogen. In the 
absence of water the reaction runs according to the following equation: 

CaO-b2CO = CaCO,-f-C. 

According to the statement of Lepsius hydrogen of 97.5 per cent 
purity is obtained at a cost of about 2 to 2.5 cents per cubic meter. 

The production of hydrogen by the action of carbon monoxide and 
steam on quicklime is regarded by Levi and Piva t to be dependent on 
the intermediate formation of calcium formate. 

Merz and Weith § have noted that when moist carbon monoxide 
is passed over soda lime heated to 300° C. or over, hydrogen is formed. 
A simple process for the production of hydrogen based on the observa¬ 
tions of Merz and Weith has been put forward by the Societe generate 
des Nitrures in Paris. A mixture of producer gas and water gas is 
treated in the usual way to remove carbon dioxide and is then passed 
over hot lime, which treatment yields a mixture of nitrogen and hydro¬ 
gen free from carbon monoxide. The composition of the hydrogen- 
nitrogen mixture may bo adjusted by using different proportions of 
the producer gas and water gas.ll 

Jerzmanowski H makes a hydrogen-containing gas with apparatus shown in Fig. 59. 

A kiln li filled with lime is raised to a high temperature by burning producer gas 
from the generator A. As soon as a sufficient heat is attained in B, an injector H 
blows into B steam and petroleum, whieh are decomposed chiefly into hydrogen 
and carbonic acid along with small quantities of carbonic oxide, marsh gas and 
other impurities. The gases pass through a cooler C to the gasometer D, and thence 
to purifiers.** 

* The Chemische Fabrik Gricsheim-Elektron (British Patent 13,049, June 3,1912) 
mix steam with gas containing carbon monoxide and pass the mixture upwards 
through towers packed with pieces of lime and heated to between 400° and 700° C. 
The lime, when exhausted owing to conversion into calcium carbonate, can be re¬ 
generated in situ by diverting the stream of gases and recalcining. 

t U. S. Patent ^9,955, April 18, 1911, to Ellenbergcr, assigned to the Chemische 
Fabrik Grjesheim-EIektron, discusses these reactions. 

i J. S. C. I., 1914, 310. 

s Bcr. (1880), 719. See also Ber. 1880, 31. 

11 Sander, Zcitsch f. angew. Chemic (1912), 2406. 

H J. S. C. 1., 1884, 560. 

•• The New York Oxygen Company produce hydrogen by heating together anthra¬ 
cite and slaked litne. On passing an excess of steam over the residue in the retorts 
the reverse action sets in and the slaked lime is reprodueed. This sequence may be 
contipued many times without renewing the mat^ials. (J. S. C. 1., 1887, 92.) 
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By another process steam is allowed to act on carbon or carbonaceous matter 
to which both an alkali compound and lime have been added, the effect of the addi¬ 
tions according to Dieffenbach and Moldenhaucr (British Patent 8734, April 11, 
1910) being to lower the temperature of decomposition and to give hydrogen free 
from compounds of carbon and oxygen. For example, 100 kilos of charcoal or coke, 
impregnated with a 10 per cent solution of potassium carbonate, are mixed with 
600 kilos of quicklime, and the mixture is decomposed by steam at 550° to 750° C. 



They also claim (British Patent 7718, March 30, 1910) the employment of other 
alkali compounds — such as chlorides and sulfates — for the same purpose. The 
fuel is impregnated with a solution of the alkali compound and dried, or, if practical, 
the fuel is coked after the addition of such compound. A comparatively small 
amount of oxygen may be introduced along with the steam for the purpose of main¬ 
taining the required temperature inside the decomposition apparatus. Granulated 
coal or coke may be treated with a solution of an alkali silicate or carbonate and the 
mixture briquetted and subjected to the action of superheated steam at temperatures 
from 550° to 750° C.* 

Hembert and Henry t pass superheated steam in a fine spray over 
coke heated to redness, whereby a mixture of hydrogen and carbon 
monoxide is formed. This mixture is led into a second retort filled 
with fireproof materials, also heated to redness. In the second 
retort steam is allowed to enter heated to its point of dissociation. 
Thes^ gases ?ECt upon one another, hydrogen and carbon dioxide being 
formed. The carbon dioxide may be absorbed by milk of lime. In 
this way 3200 cubic meters hydrogen are said to be obtained from 
1 ton of coke. 

In the production of a mixture of hydrogen and carbon dioxide by the action of 
steam on carbonaceous substances or on water gas, Sauer (German Patent 224,862, 
May 9, 1907) proposes to use an excess of steam and to superheat this to such a 
degree that it suffices to maintain the proper reaction temperature, in order to 
ensure the production of a gas of uniform composition. For example in the action 
of steam on coal, the latter is not blown alternately with air and steam, but the 

• French Patent 417,929, April 25, 1010. 

t Compt. Rend. (1885), ioi| 797. 
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steam is superheated to sucli a decree that wlieii the proncss l< once started it is 
siipposedly carried on continuously by aid of the heat of the steam alone.* 

For treating hydrogen and carbon compounds to oxidize the ctirbon 
to carbonic acid, in which form it may be readily eliminated, leaving 
pure hydrogen, Moore t brings the hydrogen and carbon compounds 
in a suitably divided state (generally as a gas or fine spray) into con¬ 
tact Wfith heated oxide of iron, manganese, copper, tin, lead or zinc, 
in the presence of a jot of superheated steam. During the operation 
the oxides are said to be alternately reduced and reoxidized, acting as 
carriers of oxygen between the steam and the carbon compounds, so 
that the carbon present is converted into carbon dioxide, and leaves 
the chamber in which this is effected mixed w'ith the hydrogen origi¬ 
nally present and that resulting from the decomposition of the steam. 
The carbon dioxide may be removed liy any known method, such as 
absorption by lime, or by water under pressure, or by a solution of 
alkaline carbonate. 

Mond and Longer (British Patent 12,608, Sept. 1, 1888) bring carbonic oxide or 
ga.seou8 hydrocarbons into contact with metallic nickel at a temperature of 350° to 
400° C., or with metallic cobalt at 400° to 4.50° C., when decomposition takes place 
into carbon and carbonic acid or hydrogen, the carbon combining with the metal. 
If now steam, at a moderate temperature, be introduced this carbon combines with 
oxygen to produce carbonic acid, with simultaneous formation of frw hydrogen. 
These various reactions take place simultaneously when the steam is pa.ssed throtigli 
the apparatus along with the carbonic oxide or liydrocarbon, the ultimate products 
being carbonic acid and hydrogen. The former can be eliminated by any suitable 
means, such as by wa.shing with milk of lime. The cobalt or nickel surfaces may 
be obtained by impregnating pumice atone with a solution of the metal, and reducing. 

Similarly Elworthy t heats a mixture of water gas and steam in the 
presence of such metals as nickel or iron to a sufficiently high temper¬ 
ature to induce the reaction, 

CO + HzO = COj + Hj, 

whereby the hydrogen originally present in the water gas is increased 
by a volume equal to that of the carbon monoxide contained in it. 
The resulting carbon dioxide is removed by absorption by water under 
pressure, or by alkalis, or by other known means. 

Ellis and Eldred§ generate a hydrogen-containing gas as follows: 

• Green (British Patent 13,510, July 13, 1895) states he obtains hydrogen from 
water by an improved process, “ which consists in burning steam with hydrogen gas, 
or with carburetted hydrogen, or carbon monoxide within a suitable chamber." 

t J. S. C. I., 1885, 450. 

t French Patent 355,324, June 17, 1905. 

{' U.^S. Patent 854,157, May 21, 1907. 
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Producer gas, generated by blowing air through a producer charged 
with fuel, is led through a superheating chamlrer filled with checker- 
work of rc'fractoiy material. The gas is then passed under a boiler 
and burned to generate steam. Water gas is mixed with steam and 
passed through the superheater to convert the carbon monoxide into 
dioxide. The mixture of carbon dioxide and hydrogen is then com¬ 
pressed; the former is separated in the liquid condition and the latter 
is collected separately. The process is rendered continuous by repeat¬ 
ing the above steps alternately.* * * § 

The essential feature of a process devi.sed by Dieffenbach and 
Moldenhauer f is that a mixture of steam with a hydrocarbon or 
other suitable organic compound is heated to the temperature of 
reaction, or kept in contact with a catalytic body for only a short 
time and is then suddenly cooled or removed from the catalyzer, in 
order that the carbon dioxide formed shall have little or no opportu¬ 
nity for being reduced to carbon monoxide. From the resulting mix¬ 
ture of hydrogen and carbon dioxide, the latter can easily be removed, 
leaving more or k'ss pure hydrogen. A suitable way of carrying out 
the process is to use as catalyzer wire gauze of nickel, cobalt, platinum, 
etc., disposed transversely to the direction of flow of the gases, and 
heated electrically to the requisite temperature. Instead of using 
external heating, the required temperature may be attained partly 
or entirely by combustion of a portion of the hydrocarbon by means 
of admixed oxygen. 

Naher and Muller J prepare water gas by blowing superheated 
steam into a generator filled with coke, which has been lieatcd to 
about 1000° C., and exhausted, and the gas produced, mixed with 
superheated steam, is passed over a contact mas.s of rhodium- or palla¬ 
dium-asbestos at 800° C. The resulting hydrogen then is freed from 
the accompanying carbon dioxide. 

Carbon monoxide and steam are caused to interact at 300° to 
600° C. under a pressure of 4 to 40 atmospheres in the presence of a 
catalyst, such as. iron, nickel, or the like, with the production of 
carbon dioxide and hydrogen, the former being removed by absorp¬ 
tion according to a process devised by. the Badischo Company.§ 

In order to better effect the reaction betweeen carbon monoxide 
and water vapor in the presence of heated catalytic material and to 
carry on the operation continuously the Badisebe Company inject 

* EUie and Eldred employ nickel, iron or manganese as catalytic material, 

t German Patent 229,406, June 3, 1909. 

t Gernian Patent 237,283, Sept. 30, 1910. 

§ British Patent 20,770, Nov. 21, 1912. 
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oxygen or air into the reaction chamber thus securing the necessary 
heating effect.* 

Pullman and Elworthy f generate a mixture of hydrogen and car¬ 
bon dioxide by passing superheated steam in excess over red-hot coke 
or charcoal contained in a cast-iron retort, and the mixed gases after 
cooling arc led through a number of porous pipes made of plaster of 
Paris or unglazed earthenware where they are separated to a great 
extent by diffusion, the hydrogen passing more rapidly through the 
porous walls of the pipes than the carbon dioxide. 


After leaving the diffusing apparatus the nearly pure hydrogen is coinprcased 
into suitable vessels partially filled with water to absorb most of the remaining carbon 
dioxide. On opening the valves of the vessels the hydrogen rapidly escapes, and 
may be collected in a suitable holder and then given a final purification, either by 
washing with water in a scrubber or by passing it over some absorbent for carbonic 
acid, such as damp hydrate of lime, or through milk of lime. Instead of separating 
the mixed gases by diffusion, they may be taken from the cooling apparatus direct 
and compressed in strong metal vessels partially filled with water. The carbonic 
acid being much the more soluble, on opening the vessels hydrogen at first escapes 
rapidly and may be collected, the carbonic acid being afterwards collected in a 
separate receiver. The gases may be submitted to this operation several times over, 
and finally purified as above. Or instead of using water, glycerine or hydrocarbon 
oils which absorb more gas and part with it more slowly may be used. 

That complete replacement of carbon monoxide by hydrogen in processes in¬ 
volving heating water gas and steam is impossible because of the conditions of equilib¬ 
rium which obtain, is discuased by Gautier (Bull. Soc. Chim. (1908), 35 , 929) who 
refers to the work of Boudouard (Bull. Soe. Chim. (1901), 25 , 484). The latter 


CO 

determined the ratio in the equilibrium between carbon monoxide, steam, carbon 

L’Uj 


dioxide, and hydrogen at different temperatures; and Hahn (Z. Physik Chem. (1903), 

CO X H 0 

42 , 705; 44 , 513; (1904), 48 , 735) determined the coefficient K —-Uyv * 

L-Ua X II 2 

at different temperatures. When a current of carbon monoxide mixed with a vary¬ 
ing excess of steam is passed through a porcelain tube heated to 1200® to 1250® C., 
at the rate of about 1 liter of the mixed gases per hour, or when a dry mixture of 
equal volumes of carbon dioxide and hydrogen is similarly treated at 1300 degrees, 
the reaction proceeds until the volume of hydrogen is about double that of carbon 
monoxide. The reactions correspond with the equations: 


3 CO 4" 3 HjO » CO -|- HjO -b 2 Ha 4" 2 COa, 
3 COa 4- 3 Hj - CO 4- HaO + 2Ha 4- 2CO,. 


Under these conditions, any mixture of carbon monoxide, steam, hydrogen and 
carbon dioxide tends towards the composition, CO 4- HaO 4 - 2 Ha 4 - 2 COa. Small 
quantities of formic acid, but no formaldehyde, are produced. 

Additional matter by Gautier appeare in Comptes rendus (1910), 150 , 1564, 
considering the reaction particularly from the reverse standpoint, that is, the reduc- 


* British Patent 27,117, Nov. 25, 1912; Chem. Zeit. Rep. (1913), 696. 
t British Patient 22,340, Dec. 21, 1891. 
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tion of carbon monoxide by hydrogen. The rcsulta show that by heating carbon 
monoxide in the presence of hydrogen, water is actually formed. The reduction 
begins approximately at 200° C. The maximum formation of water is between 
1100° and 1200° C.* 

By a process of the Badische Company f water gas is passed with 
an excess of steam over heated finely-divided metals of the iron 
group, especially iron, cobalt and nickel, or their oxides, and the car¬ 
bon dioxide formed is eliminated from the gaseous reaction product. 
The catalyst is best prepared by the addition of appropriate diluents 
or binding agents, organic or inorganic, which may be such as to give 
off gas on heating so as to increase the porosity. For example, dry 
precipitated ferrous carbonate may be made into a plastic mass with 
lime, water, potassium hydroxide and ferric nitrate, and the mix¬ 
ture dried and heated to 500° C. ■ A reaction temperature of prefer¬ 
ably not over 600° C. is maintained by adjusting the temperature of 
the gases before they enter the contact chamber. 

Bosch and Wild J produce hydrogen by passing carbon monoxide 
and steam over a catalytic material consisting of nickel or cobalt or 
noil-metallic refractory material, which may be moulded into porous 
blocks. 

Temperature ranges of from about 400° to fi00° C., may be used. Iron may be sub¬ 
stituted tor nickel and cobalt provided it is supported on an inert substance. Bosch 
and Wild have found that it is possible to carry out the reaction to good advantage 
by passing carlion monoxide and steam over a form of catidytic agent containing at 
lea-st .30 per cent of finely-divided nickel and more than 70 per cent of non-metallic, 
indifferent, refractory and porous material, the catolytic agent being porous and 
shaped into the fonn of blocks, tubes, rods, or the like. It is stated that excellent 
results can be obtained liy preparing an oxide, hydroxide or carbonate of nickel, 
either by precipitation from solutions of its salta, or by heating suitable salts, such 
for instance as the oxalate or nitrate, while avoiding too high a temperature, then 
moulding the resulting products and if necessary heating before introduction into 
the reaction furnace. The production of hydrogen by the aid of such catalytic 
agents can be carried out by adding an excess of steam to a gas containing carbon 
monoxide and then passing the mixture of gases over the catalytic agent and subse¬ 
quently removing the carbon dioxide which has been formed. The action of the 
catalytic agent is very satisfactory at temperatures of alxmt from 400° to 500° C., 
or even less down to .350° C., but temperatures above 650° C. should be avoided. It 
is advi.sable to keep tioth the catalytic agent and the gases free from substances such 
as sulplmr and chlorine which have a deleterious action. The following illustrates 
the method of producing a catalytic agent and of producing hydrogen by its means. 
Prepare a nickel hydroxide paste by introducing 5 parts of 25 per cent milk of lime 

• Mot. and Chem. Eng. (1911), 511. 

t French Patent 459,«1S, July 2, 191.3. 

tv. S. Patents Nos. 1,113,096, Oct. 0, 1914; 1,113,097, Oct. 6, 1914; 1,116,776, 
Nov. 3, 1914. 
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into 7 parts of molten nickel nitrate, add 10 parts of ])rccipitatcd green nickel oxide 
(NiO), knead the whole well,mould into the ahai)e of hrupiettes and heat up to SOfi'’ C. 
Then place the briquettes in a suitable furnace and pass through it a mixt\ire of pure 
carbon monoxide with an excess of st-ejim, while maintaining a temperature of 
about 500° C., and then extract the carbon dioxide from the resulting gases. 

A catalyzer containing cobalt is prepared as follows: 

Mix together 10 parts of finely-divided col)alt oxide (prepared by raising cobalt 
nitrate to a red heat), 1 part of calcined magnesia, and 2 parts liy volume of a 50 
per cent magnesium nitrate solution. Press the mixture into small briquettes, dry 
and heat up to 500° C. 

When using an iron catalyzer, the following formulas arc recommended: 

(1) Add a solution of 100 parts of calcined sodium carbonate in 500 parts of 
water to a solution of 250 parts of ferrous sulphate it\ 500 parts of water. Kilter 
oil the precipitate and wash it, and tlnm, without drying, mix it with 5 parts of 
slaked lime and dry until a paste is obtained whicli is then kneaded, rolled out, cut 
into cui^ca, dried, and heated at about 500° C. Instead of slaked lime, an agent 
can be employed which dccomjxjses upon being iu!ate<l, such for instance as 14 parts 
of calcium nitrate, or a mixture of 14 parts of calcium nitraic and G parts of ammo¬ 
nium nitrate. 

(2) Knead to a past^ 10 ])ari44 of finely-divided iron oxide, su(4i, for instance, ns 
the crocus mart is of commerce, and a solution of 4 parts of aluminum nitrate in 4 
parts of water. Form tliis paste into iheces of the desired shaj>c, whie.h then dry 
and heat at 400° C. in a current of air. In this example, the aluminum nitrate 
solution can be rojilK^cKl by, for instance, a sfdution of 3.5 parts of magnesuin nitrate 
in 3.5 parts of water. 

(3) Melt 40 parts of crystallized ierrh^ nitrate at from 50° to 00° C. and stir in a 
mixture of 5 parts of caustic lime, 15 i)arts of water and 2 ])art.s of eausii(5 potash. 
Then mix this product with 50 parts of pn^cipitatc whicli has been obtained a(^cording 
to (1) and then dried, work the mixture in a kneading machine until a jdastic mass 
is olitained, roll this out, cut it into cubes, dry it and heat at 500° C. Sometimes 
it is desirable to pass over it a current of air or of carbon dioxide. 

(4) Heat and stir ferric nitrate at 1S()° Ck until its nitric aiad is almost completely 
driven off, pass the re.^iduo through the finest sieve and mix 10 parts of this with 
1 part of calcined magnesia, moistening it with a solution of 1 part of potassium 
carlionate in 1.6 parts of water. Press the mass into briquettes, dry them and heat 
to about 600° C. 

(5) Boil 2.5 parts of wheat starch with 15 parts of water until a stiff paste is 
obtained, stir in 1 part of pota.ssiuin carbonate, add 20 jiarts of iron oxide obtained 
by carefully heating iron oxalate to a terntwraiurc not exceeding 6(K)° C. Knead 
the whole until a plastic mass is obtained, form it into briquett.os, dry it and heat at 
about 600° C. In this example, gum tragacanth, dextrine, or gum arable, can be 
employed instead of the starch. 

(6) Mix 9 parts of ferric oxide hydrate with 1 part or more, of ferric oxalate and 
then work up the mixture to a paste with a solution of 2.5 jiarta of calcium nitrate 
in 2 parts of water. Press the jiaste into suitable shapes and dry slowly in a (current 
of air at about 500° C. Then pass a mixture of pure carbon monoxide with an 
excess of steam over the catalytic agent thus obtained, while maintaining a tempera¬ 
ture of about 500° C. 

(7) Pass a current of carbon monoxide mixed with steam over iron in a state 
of fine division which has been preferably moulded in a briquette press, at the 
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same time gradually heating the catalytic agent, but avoiding temperatures above 
600" C. 

(8) Mix ferric oxide hydrate with suflicient eonccntratoxl calcium nitrate solu¬ 
tion to obtain a paste of suitable consistency, then bring this paste into suitable 
shapes and dry it in the contact furnace while gradually raising the tem])erature to 
about 500" C. Then pass a mixture of carlxm monoxide and steam over the cata¬ 
lytic agent, while avoiding teinjwratures alm’c GOO" C. Even if the gases are passed 
rapidly through the reaction furnace, an almost complete conversion of the carbon 
monoxide into carbon dioxide takes place. 

(9) Heat, ferric nit.ratAj to about 200" G. so as to convert it into the oxide. Moisten 
the latter with aluminum nitrate solution and then mould it into suitable shapes and 
heat it at about 400" C., until the nifroas gases are driven off. Then place the cata¬ 
lytic agent in the conta(!t furnace and p;uss a mixture of (carbon monoxide and steam 
through the furna(5e while avoiding temjieraturoi? above 600" C* * * § 

Contact masses prepared by saturat ing pumice with a solution of nickel or cobalt 
(ihloridc and subsequently igniting,! arc stated by the Badische Co4 not to bo sat- 
isfiu^tory in the produi^tion of hydrogen from earlwn monoxide and stream. Good 
yields of hydrogen are obtained, however, by using contact masses prepared by im- 
pr(‘gnat.ing suit,able materials with relatively small quantities of solutions of nickel 
salts free from halogens and suljihur. 

The Badische Company § obtains hydrogen by the catalytic double 
d(!(*-onipositiou of carbon monoxide or gases containing carbon monoxide 
with steam, with the employment of nickel. 

Ordinarily wdiile using nickel contact material an undesired by-product II is 
formed. To prevent the formation of methane there may be employed mixed con¬ 
tact masses, consisting of an oxee.ss of iron or its oxides with the nickel or its oxides. 
Other elements or their cornjKiunds which have active properties, are adiled a<lvan- 
lageously. The specified contact ina.sses, even at low temperatures effec^t a rapid 
and extensive deconipo.sition and arc to be preferred to nickel because of their sta¬ 
bility and slight sen.sil,ivene.s8 to accidorilal increases in temperature and to impuri¬ 
ties in the gas mixture. The contact mass is ajqdicd preforaldy in the form of porous 
Iiieces. A suitable nias.s is obtained by i)recipitating a solution of 40 parts iron 
nitrate, 5 parts nickel nitrate and 5 i>arts chromium nitrate (all free from chlorine), 
with pot’a-ssium carbonate and thoroughly washing. The mass is then formed, 
dried, and a wftter-gas-stcam mixture is conducted over it at 400° to 500°. The 
amount of nickel can be increased or diminished. In a modification the principal 
portion of the carbon monoxide can be removed with a suitable catalyzer at 500° to 
600" and the gas, while still hot, is freed from hydrogen sulphide by passage over 

* A mixture of kuscb and steam containing cnrlk>n monoxide ia conducted at an elevated 
temperature over contact masses which comprise at least 30 per cent of finely-divided 
metals of the iron group (iron, nickel or cobalt) dciJosited chemically from metal salt 
solutions and which are made up into porous bodies with the addition of organic diluents 
or hinders; Badische Co., Austrian Patent No. 72,430, Sept. 11, lUlG. 

t Se<! French Patent No. 463,114, of 1913; J. S. C. 1., 1014, 313. 

t German Patent No. 297,258, Sept. 11, 1914. Addition to German Patent No. 292,015, 

S. C. I., 1917, 873. 

§ German Patent, No. 282,849, Dec. 4, 1913; Chom. Abs. 1915, 2437. 

|1 Methane. 
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cf>j)pc‘r, or the like, and 1 -hen, with the addition of Kteain, it is conducted over tlie 
now contact mass at 350® to 400®.* * * § 

Metals of the iron group such as iron, cobalt and nickel, or iheir oxides or mix¬ 
tures of these in the form of porous picc-es, briquettes, cubes, rods, tubes, etc., are 
prepared with the aid of inorganic and organic diluents or binders by the Badische 
Company.t Substances may be added which, upon heating, generate gus or wholly 
volatilize. Even at 400® to 500® and lower the action of the contact masses is excep¬ 
tionally good. A suitable contact mass may be prepared as follows: A solution of 
250 parts ferrous sulphat.e in 500 parts water is precipitated by means of a solution 
of 100 parts calcined soda in 500 parl.s water. The pre(';ipitate is washed, com¬ 
pressed, and intimaleAy mixed without previous drying with 5 parts of slaked lime 
and then dried to obtain a nuuss which can be kneaded. This mass is rolled out, 
cut into cubes, dried and hcat.ed to 500°. The Badische Company,§ also employ, jis 
catalyst, spathic iron ore, or a hydroxide iron ore, which has not at any stage of th(* 
process been subjected to a tem|>erature appreciably higher than (550®. The catalyht. 
may be employed in the fonn of grains, or may bo made into shajied pieties with the 
aid of binding agents, such as hydroxides or salts or iron, aluminum, etc. The 
presence of phosphorus, sulpliur or silica is objectionable. 

Vignon § converts the carbon monoxide of water gas into methane by the following 
method. Water gas is mixed with a detenninod quantity of steam and passed over 
quicklime heated to 350® to 1200® C. Below al>out 850® C. eahiium carbonate, 
methane, and hydrogen are produce<i, while al>ove this temperature the calcium 
carbonate is decomposed, and the resulting gas also contains carbon dioxide. Small 
quantities of other hydrocarbons, such as ethylene, arc also formed. 

In the method of Bosch and Wild j| hydrogen is produced by removing 
part of the carbon monoxide from water gas and treating the residual 
gas with steam under a pressure of about CO to 600 lb. per square inch 
while subjected to the action of a catalyzer. The hydrogen may imme¬ 
diately be used under its original pressure in making ammonia. More 
hydrogen is obtained and the reaction is accelerated by producing the 
hydrogen under high pressure. 

Bosch and Wild ^ state that the heat necessary to enable the reaction to be started 
and also to maintain the temperature for the reaction can be generat ed with great 
ease, by supplying oxygen to the gases when in contact, with, or on their way to, the 
catalytic agent, the 4)xygen entering into combination with the comhuBtible gases 
and providing the required heat. Instead of pure oxygen, air can be employed 
in those cases where the presence of nitrogen in admixture with the hydrogen is not 
objectionable, for instance when the hydrogen obtained is to, be etoployed for the 
catalytic production of ammonia. When water gas or other gaa oObtaining hydrogen 
and carbon monoxide is employed, and the oxygen introduced combines with a 

* J. S. C. I., 1915, 710. 

t German Patents No. 292,615, July 24, 1912 and 293,943, Fob. 11, 1913; Chem. Abs., 
1918, 856. 

X Chem. Abs., 1916, 98; J. S. C. I.. 1915. 800; British Patent No. 10,494, July 10, 1914. 

§ French Patent No. 469,907, June 2,1913; Chem. Abs., 1915, 19. 

1] U. S. Patent No. 1,157,669. 

^ U. a Patent No. 1,200,805, 1916. 
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part of the hydrogen to form steam, the latter can again take part in the reaction, 
and consequently the amount of steam employed ean be correspondingly reduced. 
The oxygen, or air, is supplied directly to the contact chamber at one or more places. 

The process can be carried out eilber with pure carbon mormxide or with carbon 
monoxide which is more or less diluted wdth other gases, and it is of particular use 
when it is desired to free a mixture of ga.ses, such, for instance, as water gas, from 
carbon monoxide, since the conversion of the carbon monoxide into carbon dioxide 
sets free hydrogen which mixes with the hydrogen of the water gas. It is then 
only necessary to remove the carbon dioxide and any ex(«ss of steam, in order to 
produce pure hydrogen. 

This process is claimed to offer great advantages when gases are employed which 
contain relatively little carbon monoxide, because, in this case, the heat of reaction 
is small and the difficulties incidental to supplying heat from the outside are conse¬ 
quently much exaggerated. In this case, the supply of oxygen can be so regulated 
that, during the combustion, sufficient steam is formed to enable the whole of the 
carbon monoxide to be oxidized and consequently further addition of steam is not 
necessary. 

The Badische Company * describe a method or producing hydrogen 
in which contact masses arc used containing activating substances, 
especially oxygen compounds of chromium, thorium, uranium, beryllium, 
antimony, and the like, or mixtures of those, in acidition to the usual cata¬ 
lysts. With such contact masses the reaction is practically quan¬ 
titative at a relatively low temperature. The contact mass during 
preparation or use should not be heated above 600® C. Small quan¬ 
tities of carbon monoxide may be readily removed from gaseous mix¬ 
tures with the aid of the contact masses described. 

According to a somewhat similar method of the Badische Company f a mixture 
of carbon monoxide and steam is passed over a mixture containing a catalytic agent 
and a body which promotes the activity of the catalytic agent. Suitable catalytic 
mixtures consist of iron, nickel, or cobalt or their oxides, mixed with oxygen com¬ 
pounds of chromium, thorium, uranium, beryllium, or antimony; iron mixed with 
less than its weight of nickel; iron oxide of low activity coated with finely-divided 
iron oxide prepared at a low temperature, or zinc, lead, copper, vanadium, manga¬ 
nese of titanium, together with a promoter. The contact masses may be in the form 
of powder, porous lumps, etc., and binders, carriers, etc., may be added. The pro¬ 
duction of hydrogen is preferably effected at temperatures not exceeding 600". 
Any suitable gas mixtures may be used, and the bulk of the carbon monoxide may 
be first removed therefrom catalytically, or otherwise. Hydrogen sulphide may be 
previously removed by means of copper. The presence of chlorine, phosphorus, 
bromine, or silica in the catalytic mixture should be avoided, The following exam¬ 
ples of the preparation of the catalytic mixtures arc given; A mixed solution of ferric 
and chromium nitrates, with or without aluminum nitrate, is precipitated by ammo¬ 
nia and the hydroxides are filtered off and pressed into suitable shapes; a mixture of 
ferric nitrate, ammonia chromate, and thorium nitrate, is heated to give the oxides; 
a solution of ferric nitrate, nickel nitrate, and chromium nitrate is precipitated by 

* German Patent No. 279,582, June 24, 1913; J. S. C. I., 1915, 355. 

t British, Patent No. 27,963, Dec. 4, 1913; Chem. Abs., 1916, 97. 
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potaanum carbonate and the precipitate filtered, waahed, shaped, and dried; fine 
meshed wire netting is treated with ferric nitrate solution, and heated to decompose 
the nitrates; chromium nitrate or acetate is precipitated by ammonia, the hydroxide 
is mixed with precipitated zinc oxide, shaped and dried; Beryllium oxide may also 
be used; a mixture of lead nitrate or lead acetate and uranium nitrate solution is 
precipitated with ammonia, the precipitate is filtered, made into lumps, and heated; 
copper and zirconium nitrate solution is precipitated by sodium carbonate or potas¬ 
sium carbonate, filtered, the alkali salt washed out partly or completely, and the 
product moulded and dried; mixtures of oxides of manganese and chromium, titan¬ 
ium and antimony, vanadium and chromium or chromium and thorium are also 
suitable; aluminum oxide, alkali carbonates, etc., maj' be added as binding agents 
or promoters; a solution containing cerium and chromium nitrates is precipitated 
with ammonia, the precipitate filtered off, partly dried, made into a paste, shaped, 
and dried; other rare-earth salts may replace the cerium nitrate.* * * § 

Considerable progress has been made in the production of hydrogen from water 
gas by reaction between carbon monoxide and water vapor. A mixture of water gas 
and steam is passed over a contact material of iron oxide with oxide of chromuim 
and thorium as activating agents. The reaction takes place at a relatively low 
temperature which favor.« the yield of hydrogen from t.he standpoint of temperature 
equilibrium. Carbon dioxide is removed by treatment under pressure with water. 
Any carbon monoxide is eliminated by a copper chloride solution. The purified 
gas contains about 2 per cent of nitrogen and traces of methane. The cost of 
manufacture i.s low, as regeneration of the heat due to reaction suffices for carrying 
on the process.! 

Hydrogen is produced, according to the Badische Company, by pas.sing a mixture 
of a hydrocarbon and steam over a nickel catalyst distributed on a refractory carrier. 
Gaseous, liquid or solid hydrocarbons may be used, or hydrocarbon mixtures, a.s 
coal gas. The nicltol catalyzer may be prepared in various ways. In one case 
fragments of magnesium oxide are impregnated with nickel nitrate solution. In 
another ease, nickel is de.;i03aed on the carrier by the decomposition of nickel car¬ 
bonyl. Teniperature.s of 700* and higher are used. For example, methane, mixed 
with three to six volumes of steam, is passed over the catalyst at a temperature of 
800“ to 1000“. t 

Ellis § employs a method of making hydrogen involving the treatment 
of lime or lime-material with carbon monoxide, or gases containing car¬ 
bon monoxide. For example, carlwn monoxide is passed over hydrated 
lime or carbon monoxide mingled with steam is contacted with lime, 
the latter being heated to a temperature of 450° to 600° C. 

The monoxide takes oxygen from the water vapor forming caibon dioxide and 
liberating hydrogen and the carbon monoxide combines with the lime to form calcium 

* See also Gorman Patent No. 282,849; J. S. C. I., 1915, 717; first addition, dated 
June 15, 1914, to French Patent No. 459,918, July 2, 1913; Swisa Pjiient No, 71,803, 
Feb. 16, 1916; Chem. Abs., 1916, 1918; Norwegian Patent No. 26,689, Feb. 21, 1916; 
Chem. Abs., 1916,1582; German Patent No. 284,170, May 2,1914; Chem. Aba., 1915, 2803. 

t Z. Koinpr. fl. Oase, 1914, 16, 187-191; Zeitach, angew. Chem. Refcrat., 1915, 203, 

X British Patent No, 12,978, Juno 4, 1913; see also U, S. Patent No. 1,128,804, to Mite 
tasch and Schneider. 

§ U. S. Patent No. 1,173,417. 
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carbonate. This action is accelerated by the presence of <»talytic Tnftfi^'A.1 such as 
iron oxide and manganese oxide. The reaction is exothermic and once 
of lime has been brought to the reacting temperature, sufficient heat is developed 
for continuance of the operation without the avd of extemaUy'^ppUed heat. In 
fact cooling may sometimes be required as the reaction does not progress -with as 
good yields when the temperature is much above 625° or 550° C. Another consider¬ 
ation is the use of an excess of steam which greatly improves the yield of hydrogen. 

Four to five times as much water vapor by volume as carbon monoxide should^e 
present in order to effect substantially complete conversion. Difficulties are expe¬ 
rienced in treating lime with gases to insure satisfactory absorption of the carbon 
dioxide, and it is desirable to remove the carbon dioxide as fast as it is formed in 
order to prevent by mass action the repression of the reaction due to the accumula¬ 
tion of the carbon dioxide, in the gaseous atmosphere. 

To carry out the conditions required for the reaction Ellis makes use of a treating 
apparatus comprising a aeries of superimposed conveyers. 

These conveyers arc connected by chutes so that the lime and contact material, 
entering the up!)ermost conveyer, feed downwardly conveyer by conveyer and 
finally discharge from the lowest section. 

The gas or vapor mixture flows upwardly from section to section in contact with 
lime material which i.s constantly but. slowly moved forward in a direction oi)posite 
to the flow of the gases or vapors and under these conditions the carbon monoxide 
unites with the oxygen of tlie water, forming carlron dioxide, which combines with the 
lime, fhus removing the carbon dioxide, as such, from the scene of the reaction and 
enabling a further conversion of carl)on monoxide into carbon dioxide, so that the 
gases discharging from the upper sect,ion of the conveyer may be, jaactically pure 
hydrogen or hydrogen containing only a small measure of contaminating products. 

The lime which is employed for the oi)eration i)rcfcrably is low in magnesia, 
as dolomil.e and other high magnesia limas arc not as desirable for this puri)OBC. 
The lime should be finely divided, which may be accomplished by grinding, or the 
lime may be introduced in the hydrated form as a dry powder. The addition of 
about 5 per cent of finely-divided iron or manganese oxide is de,sirablc to accelerate 
the reaction. The iron or manganese oxide preferably is derived by precipitation 
as a hydrate from aqueous solution and washing and drying the jiroduct. 

The resulting carbonated lime is removed by a conveyer and is jiasaed through a 
rotary kiln which may be heated by .a producer gas or a powdered coal flame, and 
the lime regenerated; care being taken te not overheat the iron or manganese oxide 
to such an extent that its amorphous condition is lost. The regenerated lime, espe¬ 
cially if not overheated, may be u.sed repeatedly. 

In place of carbon monoxide or water gas, producer gas, or even the vapors of oil, 
may be mingled with steam and passed over the lime to effect, decomposition, thereby 
liberating hydrogen both from the oil and the water, forming first carbon monoxide 
and then carbon dioxide which is absorbed by the lime. 

In the process of Siedler and Henke,* water gas or other gas rich 
' in carbon monoxide i.s mixed with steam and the mixture passed over 
lumps of lime arranged in superimposed layers in a vertical tower 
and maintained at a temperature of 400° to 750° by heat initially 
supplied by the, gas ard by the heat of the reaction. 

♦ Chem. Abs,, 1910, 1708; U. S. Patent No. 1,181,284. 
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Hydrogen is manufactured according to Griesheim-Elektron * 
from carbon monoxide, steam and alkali or alkaline earth. 

When gases containing carbon monoxide and steam are conducted over calcium 
hydrate or caustic soda at temperatures of 450° to 550° hydrogen is obtained. 
This reaction is favored materially by employing increased pressure and corre¬ 
spondingly increased temperatures. In the same period of time four times as much 
hydrogen can be secured as when operating at atmospheric pressure. Either steam 
or a mixture of steam and gases containing carbon monoxide is conducted over a 
mixture of alkali or alkaline earth and carbon, or a mixture of steam and carbon 
monoxide is conducted, at an increased pressure, over alkalies or alkaline earths. 
Pressures of 10 to 100 atmospheres and over are enijiloyed. If ga,ses containing 
carbon monoxide are to be acted upon alone, good yields are secured at five atmo.s- 
phercs pressure. With the use of lime, a temperature of 000° to 800° is suitalile, 
and with the use of barium hydrate and alkali, a materially lower temperature may 
be employed. Especial advantages are secured by conducting steam, under a 
pressure of ten atmospheres and more, over a mixture of lime and coal or charcoal, 
almost pure hydrogen being obtained. Since the thermal effect is strongly positive, 
generally the application of heat is not required in a sufficiently large apparatus. 

A tower may be used in which a charge of coal and lime is placed. The coal 
serves both as a source of heat and for the decomirosition of steam. When by air 
blowing, the charge has Ireen brought to the desired temperature, the supply of air 
is discontinued, and water or steam is conducted, from above, over the mixi.ure, a(. 
twenty atmospheres pressure. The burned lime is discharged from Ixdow, mixed 
with fresh coal, and returned to the procca-s. Brown coal or charcoal is jircferred 
since they react more quickly and at lower temperatures than hard coal and coke. 

Vignon t describes a horizontal or slightly inclined rotary retort 
which is charged with coal, anthracite, or coke, and quicklime, and a 
mixture produced by the rotation of the retort. The mixture is heated 
to 900° to 1000° C. and water or steam passed in until the temperature 
falls to 700° C. The gas is withdrawn and air passed through to raise 
the temperature to 900°-1000° C. and to regenerate the lime. 

Buchanan and Maxted t prepare hydrogen by passing a mixture of 
carbon monoxide or gases containing carbon monoxide and steam 
over a catalyst consisting of an alkali ferrite which has been lixiviated 
so that a portion of the alkali is removed; the alkali ferrite may be 
prepared by roasting ferric oxide, from burnt pyrites, with sodium 
carbonate. Another method of producing hydrogen by Buchanan 
and Maxted § depends on the interaction of carbon monoxide and 
steam in the presence of a catalyst consisting of or containing a 

* German Patent No. 284,816, March 14, 1914; J, S, C. L, 1915, 1092; Chem. Abe., 
1916, 101. 

t French Patent No. 477,083, May 25,1914; J. 9. C. I„ 1916, 592. 

X British Patent No. 6,476, March 14, 1914; J. 9. C. I., 1915, 177; Chem. Abs., 1915, 
2434. 

(British Patent No. 6,477, March 14, 1914; Chem. Abs,, 1915, 2434; J. S. C. I., 
1915,552. 
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iiu'lallic coupk'; F(vCu or couiilra arc suil-ablc. The catalyst 

may made from Iixiviat(!d alkali ferriW, by reducing: the ferric 
oxide therein t.o the metallic state by hydrogen, moistening with a 
solution of copper nitrate, and finally heating, preferably in a current 
of reducing gas, or washing, to remove nitrates. Gases containing 
cai’bon monoxide may be used instead of carbon monoxide in a state 
of purity. The couple is heated to 500° C. while passing carbon 
monoxide and an excess of air over it. 



CHAPTER XXI 


LIQUEFACTION AND OTHER METHODS FOR THE 
REMOVAL OF CARBON MONOXIDE 

As uncarburetted or blue water gas consists of approximately equal 
parts hydrogen and carbon monoxide with small amounts of other 
gases, much attention has been given to methods of eliminating tlie 
monoxide by solution, absorption and liq\iefaetion. The cost of 
removal of the carbon monoxide by solvents such as cuprous chloride 
and the like appears to t)e too great for commercial application. As 
the monoxide is relatively easily liciuefied by cold and pres.suro, wliiki 
hydrogen is extremely resistant to li(iuefaction \inder like conditions, 
processes have been devised for removing carbon monoxide; in this way. 
As a source of cheap hydrogen this method offers attractive possi¬ 
bilities to concerns requiring largo amounts of the gas. For small 
plants the relatively high cost of installation renders the use of licpie- 
faction processes less feasible. 

The pioneer work connected with the devclopm(;nt of the licpie- 
faction system towards a commercial goal should be credited to Cl. E. 
Tripler, who apparently was the first to devise methods and apparatus 
for large scale liquefaction of air an<l other gas(;s. In 1893 ITipler 
patented * the method of comiensation “ of a current of gas by ex¬ 
pansion of itself over the conduit through which it passes.” On this 
idea is based the present systems of separating hydrogen and carbon 
monoxide through liquefaction of the latter. 

The principle of liquefaction by compression with counter-current 
cooling is shown diagrammatically in Fig. 60. The reducing valve R 
is so arranged that on the side carrying the receiver B for the liquefied 
product a pressure of 20 atmospheres is maintained, while on the other 
side the pressure is held at 200 atmospheres. The operation is as 
follows. Air is drawn from B by the compressor K, passing through 
the outer concentric tube of the coil. After compression to 200 at¬ 
mospheres the air enters the cooler KG w'here the heat generated by 
compression is absorbed. The cooled compressed air flows through 
the inner tube of the coil to the reducing valve R where it is released 

* British Patent 4210, 1893. 

400 



LIQUEFACTION 


461 


at 20 atmospheres. Circulation in fhis manner is kept up until the 
temperature is lowered to the point of liquefaction. 

Nitrogen boils at — 193 degrees, carbon mono.xide at — 190 degrees 
and carbon dioxide at — 78 degrees while hydrogen boils at — 252 de¬ 
grees and may easily be retained in gaseous form at temperatures 
which convert the other components of water gas to liquids or solids.* 



Apparatus in various torm.s has bersn devised by Linde,t Ctaudo, Ilildebrandt and 
others for the sei)aration of the components of mixed gases by the liquefaction of 
tile more easily liquefied constituents. The Hildebrandt system, shown in Fig, 61, 
consists of a coil of pipe of relatively large diameter through which two smaller pipes 
extend. The latter are indicated by 1 and 7 in the upper right-hand terminus of 
the large coil. Gas under the requisite high pressure enters at 1, passes along one 
of the small^ipcs within the larger ])ipe of the largo coil, emerges at 2 and passes 
along the central riser to the expansion chamber E. Expansion with liquefaction 
occurs here. The liquefied product flows through 3 into the chamber R and from 
thence into a multiple evaporating coil 4, which consists of four coiled pipes having 
openings along their upper sides. Evaporation of the more easily boiling constitu¬ 
ents takes place as the product flows downwardly along the evaporating conduits. 
The vaporized portion departs through the perforations of the coil and passes through 
5 into the large pipe A, moving along this pqre as a current counter to the high-pressure 
gas entering at 1 and passing out of the system by the horizontal pipe shown on the 
upper right hand. The liquid fraction collecting in G flows along one of the narrow 
pipes to 2, thence through one of the narrow pipes in the large coil, upwardly and 
out at 7. 

* The production of hydrogen by liquefaction is clearly described by Linde in 
the Proceedings of the Third Int. Congress of Refrigeration, 1913. See also a very 
comprehensive treatise entitled, “Lowest Temperatures in Industry,” issued by 
Gesellschaft fur Lindes Eismaschinen, Munich. 

t In a publication entitled “ Lowest Temperatures in Industry, ” it is stated that 
five plants have been supplied by the Linde Co. for fat-hardening purposes and that 
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Linde makes note * that Frank and Caro, with the aid of the Linde 
firm, have succeeded in the production of hydrogen of a high degree 
of purity from water gas. Figs. 62 and 63 show the apparatus dia- 
grammatically. 



Compressed water gas enters by the innermost tube A, and is cooled 
by expansion through the valves and return of the cooled gases by the 
middle and outermost tubes G and E respectively, until liquefaction 
of the carbon monoxide occurs; separation then takes place, the 
gaseous hydrogen escaping through the valve F and the tube G, the 
liquid carbon monoxide passing through the valve D and evaporating 

the total capacity of these is over 1000 cubic meters per hour. A plant in St. Peters¬ 
burg uses 100 cubic meters; another in Nishnj-Nowgorod 30 cubic meters; Brcmen- 
Bersigheimer Olfabriken 200 cubic meters; United Soap Works, Ltd., Rotterdam, 
200 cubic meters; and Ardol Co., Leeds, 500 cubic meters per hour. 

• J.a,9.I., 1911,748. 
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in the middle tube. It was found impossible to liquefy the carbon 
monoxide, however, by the small amount of cooling by internal work 
of a gas containing so much hydrogen, and the cooling was therefore 
aided, as indicated in Fig. 63, by cold-jacketing the lower portion of 
the apparatus by means of a similar apparatus producing liquid air; 
in this way the industrial success of the apparatus was secured, and 
a gas produced, containing hydrogen, 97 per cent; carbon monoxide, 
2 per cent; nitrogen, 1 per cent. Removal of the carbon monoxide by 
calcium carbide or soda lime then yields a 99 per cent hydrogen. The 
gas formed from the liquid contains 85 to 90 per cent of carbon mon¬ 
oxide, the rest being chiefly hydrogen, and is an excellent power gas. 

By one process (Ges. fur Linde’s Eismaachinen A. G., French Patent 427,983, 
March 31, 1911) the strongly-cooled, compreased gaseous mixture containing hydro¬ 
gen is paH.sed through a heat interchanger so as to separate it into a gaseous portion, 
chiefly hydrogen, and a liquid portion, consisting mainly of impurities. The mix¬ 
ture passes into a receiver, which is provided with two separate systems for producing 
expansion; the liquid portion of the mixture collects in the receiver and is expanded 
in the lower system, from which it passes into the interchanger in the space sur¬ 
rounding the tube which conveys the original mixture into the receiver, and in the 
opposite direction to that of the gaseous current; the gaseous portion is expanded 
in the upper system and passed into the interchanger in the space surrounding the 
tube which conveys the mixture expanding from the lower system. From the inter¬ 
changer the expanded hydrogen is collected free from impurities, which are thus 
condensed by the cold produced by the agency of the above-mentioned expansions. 
A supplementary refrigerating appliance, containing liquid air or liquid nitrogen, 
is used in conjunction with the apparatus for the preliminary cooling of the gaseous 
mixture. 

A modified form of the foregoing consists in removing the portion of the gaseous 
mixture which is not liquefied, and comprises chiefly hydrogen, without allowing 
it to expand, the pressure remaining equal to that to which the compressed gaseous 
mixture has been brought. Liquid air or liquid nitrogen, used for refrigeration, 
is evaporated at a pressure below that of the atmosphere, in order to obtain a more 
complete separation of the remaining impurities. The liquid air or liquid nitrogen is 
thus used only for the ultimate refrigeration of the hydrogen which has already been 
freed from the main quantity of condensable gases. Also, the hydrogen, before it is 
brought to the expansion apparatus may be subjected to slight heating in a counter- 
current device, by means of the compressed gaseous mixture which has not yet 
been fractionated.* 

Frank f cools water gas in a suitable apparatus sufficiently to liquefy 
the carbon monoxide and dioxide, which are then separated. If the 
water gas has been produced at a low temperature, and contains 

* Ges. ftlr Linde’s Eismaschinen A. G., First Addition, to French Patent 427,983, 
March 31, 1911. See also U. S. Patents to Carl von Linde 1,020,102 and 1,020,103, 
March 12, 1912; 1,027,862 and 1,027,863, May 28, 1912; 727,650 and 728,173, 
May 12, 1903. 

t British Patent 26,928, Nov. 27,1906. 
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chiefly carbon dioxide, with l)ut little carbon monoxide besides hydro¬ 
gen, it may be completely liquefied, and the hydrogen recovered by 
fractional distillation. In cither case the hydrogen resulting is further 
purified by being conducted over calcium carbide at a temperature of 
over 300° C.* 

The arrangement of a plant under the Linde-Frank-Caro system f 
is shown in Fig. 64. In this illustration a is a water-gas generator to 



which air from the blower h and steam from the boiler c is alternately 
supplied, d is a scrubber and e a gasometer. 1 is a water-gas com¬ 
pressor, 2 an air compressor and 3 a refrigerating apparatus. Fore- 
coolers for drying the air and water gas are shown at 4. A water-gas 
separator indicated by 5 is also used for the liquefaction of air. A gas 
engine 6 operated by the rejected carbon monoxide (collected in gasom¬ 
eter 7) furnishes power for running the compressors. 8 represents 

* Frank (J. Gasbeleuoht, June 10, 1911) has recommended (see J. S. C. I., 1911, 
746) that apparatus for the production of pure hydrogen and other gases by cooling 
and liquefaction should be installed at gas works making water gas to enable hydro- 
gen to be supplied on the large scale. 

t Geaellaobalt fUr lipdes Eismaschinen. 






LIQUfiFACTtON 


^65 



Fig. Go. Liiidc hydrogen apparatus. 


purifiens for removal of carbon dioxide * and 9 soda-lime purifiers for 
the ultimate jiurification of the hytlrogen. Before purification by- 
soda lime the gas consists of 

Per cent 


Hyurogen . 97-97.5 

Carbon mono>:i<lc.. 1.7-2 

Nitrogen... 1.0-1.8 

and after such treatment the composition is: 

per Cent 

Hydrogen... 99.2-99.4 

Nitrogen. 0.6- 0.8 


An apparatus for separating hydrogen from the other constituents 
of water gas is shown in Fig. fiG.f 

* The Bedford method of removing carbon dioxide by washing the gas under 
high pressure, with water, is used. 

t Maschinenbau-Anstalt Humboldt, French Patent 445,883, July 8, 1912. 
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Water gas is compressed until the carbon monoxide is liquefied, impurities such 
as carbon dioxide are removed in the usu J manner, and the mixture of hydrogen 
and carbon monoxide is introduced into a separator a, from which it passes through 



Fig. 66, 


a concentric tube system b, in counter- 
current to the separated cold gases, to a 
worm e, situated in an evaporator d, which 
is partly filled with liquid carbon monox¬ 
ide. The mixture expands by way of the 
valved injector e, into a condenser h, at 
the bottom of which the liquid carbon 
monoxide accumulates, while gaseous hy¬ 
drogen ascends into a riser i. Here the 
entrained carbon monoxide vapor settles 
by virtue of its greater density, allowing 
pime hydrogen to pass by way of an over¬ 
flow-pipe k into the concentric tube sys¬ 
tem b and out of the separator at 1. The 
liquid carbon monoxide, which accumu¬ 
lates in A, passes through an overflow-pipe 
m, controlled by a regulator o, down along 
the chamber n, into the evaporator i, 
leaving in the upper part of n any ac¬ 
companying hydrogen, which may be with¬ 
drawn. The hquid carbon monoxide, 
which accumulates at the bottom of d, is 
evaporated by the worm c, and the gaseous 
carbon monoxide escapes by way of the 
pipe p, through the tubular system b, and 


out of the apparatus at 1. By making the riser i, and chamber n, of the requisite 
height, the two gases may be obtained of the required degree of purity. 


A process for the separation of hydrogen from carbon dioxide has 
been proposed by Claude.* The hydrogen containing carbon dioxide 
is subjected to a pressure of, say, 30 atmospheres, and is then passed 
through heat-exchangers wherein it meets cold gas passing in an oppo¬ 
site direction. The temperature of the gaseous mixture falls progres¬ 
sively, and the carbon dioxide gradually liquefies. The temperature 
should not be low enough for the production of solid carbon dioxide. 
The counter-current of cold gas may be the non-liquefied portion of the 
compressed gaseous mixture, the cold end of the heat-exchanger being 
cooled externally by suitable means. Claude j partially liquefies 
water gas or analogous gaseous mixture so as to give pure hydrogen 
and carbon monoxide containing hydrogen in solution, and the latter 
mixture is submitted to the action of heated slaked lime or other 


* French Patent 375,991, May 28, 1906. 
t French Patent 453,187, March 28, 1912. 
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material capable of reacting to yield more or less pure hydrogen which 
is added to the water gas about to be treated.* 

Elworthy t separates carbon dioxide from a mixture of gases derived 
from water gas, containing hydrogen, carbon monoxide, methane, and 
carbon dioxide by simple compression of the cooled gaseous mixture, 
or by compression followed by expansion, when the carbon dioxide is 
liquefied or solidified, and can be removed. The gases escaping from 
the apparatus are utilized for cooling the incoming gases. 

Jouve and Gautier ^ propose to pass water gas through a porous 
partition, such as unglazed porcelain, in order to separate hydrogen 
by reason of its rapid power of diffusion. It is said that by one such 
operation the percentage of carbon monoxide may be reduced from 
45 to 8 per cent. 

According to Elsworthy§ water gas may be passed through a centrifugal gaa 
separator, which is said to remove the bulk of the hydrogen, almost free from 
other gases. 

Separation of hydrogen by an absorption method is recommended 
by Vignon. 1 Water gas, cooled and washed, is treated in a scrubber 
with an acid or alkaline solution of cuprous chloride, thus absorbing 
carbon monoxide; the hydrogen is thereby obtained free from carbon 
monoxide. The latter gas is recovered by heating the solution or 
subjecting it to reduced pressure, and the cuprous chloride is then used 
again. The carbon monoxide may be utilized by mixing it with air 
and burning it in the water-gas generator, so as to supply the heat 
necessary for the formation of the water gas, or this may be effected 
by burning the monoxide in a vertical shaft, filled with refractory 
material, fixed in the center of the generator. 

Frank passes dry water gas over calcium carbide at a temperature 
above 300° C. Carbon monoxide reacts with the carbide forming 
calcium oxide, calcium carbonate and carbon, while the nitrogen 
present is converted into calcium cyanamide.** 

» The Claude Company (Chem. Ztg. Rep. (1913), 521; French Patent 453,187, 
March 28, 1912) indicate that the present attainable yield (about 50 per cent) of hy¬ 
drogen by the liquefaction system is increased and the loss through solution of hydro¬ 
gen in carbon monoxide is diminished if the carbon monoxide gas carrying hydrogen 
is subjected to the action of hydrated lime to form calcium carbonate and hydrogen 
and the impure hydrogen thus secured is mixed with water gas and further treated 
in a similar manner. 

t First Addition, June 16, 1906, to French Patent 355,324, June 17, 1905. 

t French Patent 372,045, 1906. 

§ British Patent 10,581, May 5, 1906. 

II French Patent 389,671, April 27,1908. 

If French Patent 371,814, 1906. 

Thorpe Diet. App. Chem. III., 61. 
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Frank conducta water gas through milk of lime to remove carbon 
dioxide, then through cuprous chloride in hydrochloric acid solution 
to remove carbon monoxide and over heated calcium carbide to re¬ 
move nitrogen as cyanamidc. The carbide also removes traces of 
carbon monoxide and dioxide with separation of carbon in a finely- 
divided condition. The cuprous chloride solution is regenerated by 
exposing to reduced pressure to remove the monoxide;.* Subsequently 
Frank stated t that the expense of carbi<le, or of (uiprous compounds 
or other means of absorbing carbon monoxide, was found to be too 
great and ultimately he was led to adopt the method of removal by 
liquefaction.t 

Claude § states that in the manufacture of hydrogen by partial 
liquefaction,ll hydrogen of 99 per cent purity can be obtained from 
purified water gas, but the process is open to objection that the maxi¬ 
mum volume of hydrog<'n obtainable is equal only to one-half the vol¬ 
ume of water gas employed. 

In practice this yield ia reduced owinR to part of the hydropen being held in solu- 
tiou in the carbon monoxide. Also an excessively minute adjustment at the exu 
cock for the liquefied carbon monoxide escaping from the liquefying apparatus is 



required, but in practice this cock is generally opened wider f han i.^ proper. Claude 
recommends that the carbon monoxide separated from the water gas by jiartial 
liquefaction be subjected to chemical treatment to pnalure an aiiproximately equal 
volume of hydrogen, this hydrogen to be added to further quantities of water gas 

-* Chomic der Ghhc, Bruhnior (1911), 97. 

t J. S. C. I.. 1911, 74G. 

t See also Frauk, U. S. Patent 873,H53, Dee. 17, 19((7. 

i U. S. Patent No. 1,135,355, April 13, 1915; French Patent No. 453,187; see also 
U. 8. Patent No. 1,212,455, Jan. 16, 1917. 

II French Patent No. 329,839, 
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to be treated. He makes use of the reaction between carbon monoxide and 
heated calcium hydrate, affording a volume of hydrogen gas resulting from this 
step, which is approximately equal to the volume of cjirhon monoxide gas used. 
(8oe i)agc 

In carrying out the process of partial liquefaction, it is necessary to compress not 
merely the water gas but the mixture of water gas and the hydrogen obtained as 
an equivalent of the carbon monoxide; the ratio of the volumes of the gases in the 
two cases being about one to one and a half. The nitrogen that the water gas always 
contains in greater or smaller proportions accumulates slowly. As soon as this 
nitrogen attains too great a proportion, it should be removed. 

The water gas t o be treated passes through a pij-je W (Fig. Cba) to the compressor 
X and thence to a cooling coil I’, when it pa.'wos to two temperature exchangers 
AA. From these exchangens tlie <* * * § ompre.s.Ked and cooled water gas passes upward 
through the tubes of a carbon rruinoxidc separat or UC. The lower ends of the tubes 
are surrounded by the liquid earbon monoxide colleeted in a chamber B' under 
pressure and discharged in(.o the part Ji under atmospheric or less pressure; the 
upper ends of the tulies arc .surrounded by the hydrogen resulting from the separation 
and exjiandcd in an expansion engine J). ^'hc hydrogen circulated in the part C 
of the separator passes t.hrough one of the cx(;hangcrs A and thence escapes by a 
pipe JJ, and the vaporized carbon monoxide from the part B of the separator passes 
t.hrough the other exchanger and es(^a|)cs by a pipe C'O. This carbon monoxide 
then passes into n chainlier E wlicre the reaction between the carbon monoxide and 
calcmm hydrate takes jilace, and the rcsultent hydrogen passes to the pipe W to 
mix with the incoming water gas.* 

In a description of a jiroccss of L*Air Liquide t it is suggested that in order to 
obtain i)ure hydrogen by the partial liquefaction of water gas, the greater part of 
the earbon monoxide be iiqucfiod by the cold produced by the cximnsion of the lique¬ 
fied carbon rnonoxalc from a [irevious charge. The last traces of carbon monoxide 
remaining with the hydrogen arc liquefied either by the cold produced by the expan¬ 
sion of the whole or a portion of the separated compressed hydrogen, or by the evap¬ 
oration of liquefied carbon monoxide containing dissolved hydrogen. J 

The Badische Company § have the following method of separating 
hydrogen from a gaseous mixture. 

If water gas or similar gaseous mixture be compressed and then allowed to expand, 
the* lowering 0 ^ temperature produced is not sufficient to liquefy the constituents 
of the gas. 'fiie invention consists in adding carbon monoxide or nitrogen to the 
gas, before compression, in such proportion that the lowering of temperature pro¬ 
duced on expansion is sufficient to liquefy the major portion or all of the con¬ 
stituents other than hydrogen. The enrichment of gas in carbon monoxide or 
nitrogen may be effected by modification of the method of preparation or by adding 
a suitable gas to the gaseous mixture containing hydrogen. When the process is 
once in operation it is only necessary to add a certain quantity of the constituents 

* See also French Patent No. 469,854, May 29, 191.3; British Patent No. 13,100, 1913; 
Norwegian Patent No. 28,254, Oct. 8, 1917; Chera. Abe., 1918, 520. 

t Soc. Anon, pour I’Etudo ct I’Exploit. des. Proc. G. Claude. 

X French Patents No, 457,297, Feb. 4, 1914, and 475,346, Feb. 10, 1914; J. S. C. I.. 
1916, 31. 

§ German Patent No. 285,703, Feb. 18. 1913; J. S. C. I.. 1915, 1133. 
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(carbon monoxide, nitrogen) which are liquefied, to the gas under treatment in 
order to obtain the desired results. 

Mewes * describes a process of liquefying and separating the constituents of air 
and like gaseous mixtures. 

The Linde process for separating hydrogen from water gas by fractional lique¬ 
faction, the use of hydrogen in fat hardening and the manufacture of synthetic 
ammonia are discus.sed in Seifenfabrikant, 1914, 4. 

♦ Britialj Patent No. 9,944, Apr. 28, 1913; Chem. Aba., 8, 1860, 
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HYDROGEN BY THE DECOMPOSITION OF HYDROCARBONS 

When methane is heated to 1200° to 1300° C. dissociation occurs 
and lamp-black and hydrogen are produced. Acetylene is decom¬ 
posed at a much lower temperature. In general, when subjected to 
sufficient heat hydrocarbons break down into their elements. This 
fact has b(!en made use of for the production of hydrogen by decom¬ 
posing various hydrocarbons and particularly heavy oils. Among the 
pro{X)sals put forward up to the present time are some which relate to 
the splitting of acetylene or natural gas by passage through the heat 
zone of an olootric arc and separation of the hydrogen from the lamp¬ 
black or other carbonaceous material which is formed. The gas may 
be under jircssure to render the decomposition more effective. 

Pictet accomplishes this decomposition by treatment of the gas in 
heated tubes,* as, for instance, an endothermic hydrocarbon, such as 
acetylene, is passed through a tul)e, the front portion of which is 
heated to about 500° Ck, at which temperature the gas dissociates into 
its elements with the evolution of a large quantity of heat. The latter 
raises the temperature of the tube sufficiently to dissociate fresh 
quantities of acetylene without the further application of external 
heat. The rear portion of the tube is surrounded by a refrigerating 
appliance, and the products of decomposition, hydrogen and lamp¬ 
black, arc passed into a suitable apparatus for their separation. In 
the same way exothermic hydrocarbons, such as petroleum vapors, 
mixed with steam may be decomposed with the formation of hydrogen 
and carbon monoxide; in this case the combination of nascent carbon 
and oxygen supplies a portion of the heat required by the reaction, 
the balance which is required to dissociate steam and hydrocarbon 
being supplied by external heating. By admitting a regulated quan¬ 
tity of oxygen, the combination of the latter with nascent carbon may 
be made to provide all the heat required by the reaction, it being then 
only necessary to heat the hydrocarbons initially to their temperature 
of dissociation. The apparatus may conveniently consist of a steel, 
iron or porcelain tube, one portion of which is heated by means of a gas 
furnace, and the other cooled by water, or by a liquid hydrocarbon, 

* French Patent 421,838, Oct. 26, 1910. 
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the vapors of which are afterwards admitted to the tube for their dis¬ 
sociation. The tube is provided with the conduits necessary for the 
admission of the raw materials and for the withdrawal of the products 
of dissociation, these conduits being preferably composed of “ pure 
iron ” covered with nickel; the lamp-black is separated by washing 
or by means of filters. 

In a modification of the foregoing Pictet (British Patent 14,703, June 21, 1011) 
operates in such a way that the tyirbon, instead of being deposited in the form of 
Boot, is converted into carbon monoxide by interaction with water vapor. External 

lioat (39.3C units for every IS grams of 
water) is applied for decomposing the 
water vapor, in addition to that rcquircsl 
to decompose the hydrocarbon va])ors, 
for which the temperature is raised sub¬ 
stantially to the melting point of iron. 
Water and hydrocarbon are fed, for ex¬ 
ample, into an iron tube, which is of 
sufficient length (say 3 to 4 iiu?ters) to 
enable the supplementary lieat to be 
imparted without damage, and these 
being vaporized on eiitry, react in llie 
further end of the tube, which is the 
mor(^ strongly heated; tlie gas produceil 
is then cooled and passes through a filler 
to a gas holder, there being a soot 
chamber and also arrangements fur th(i 
removal of soot from the tube and filter. 
T('n liters of petroleum, mixed with 3 to 
5.5 liters of water, may be thus decom¬ 
posed per hour, in the apparatus de¬ 
scribed, the mixture furnishing approx¬ 
imately 3000 liters of gas for every liter 
of hydrocarbon, with a calorific value of 
3000 to 3600 heat units per cubic meter. 
By regulating the supply of water, any 
desired proportion of carbon can be con¬ 
verted into carbon monoxide. 

In preparing hydrogen from crude |wtrolcum or petroleum tar oils (British Patent 
13,307, June 3, 1911) the vapors arc lieated in such a manner that 18.1 calories arc 
supplied to 16 grams of gas, with a tube temperature of 1200" to 1350" C. 

Another process worked out by the Carbonium Company in Germany 
employs acetylene gas which is compressed to two atmospheres and 
exploded by an electric spark.* 

C2H2 = C2 + H2. 

The acetylene thereby dissociates into the elements carbon and hydro- 
• Met. and Chem. Eng. (1911), 157. 
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gon. The carbon deposits in the form of iamp-i)iack. The hy<irogon 
is passed through iargo washer and store<i. Its (iegree of purity is cx- 
C('j)tionaiiy higii. For each eui)ie meter of hydrogen produced ai)out 
one kiio of iamp-biack is formed. A condition for getting tiie iiydrogen 
cheaply l)y tliis method is that there is a market for the iamp-biack. 

Wachtolf * compresses tlie acetylene to al)out 4 to 6 atmospheres 
and exploiles ciectrically. In P'ig. 07 the explosion chamber i.s shorvn 
on tile left and a lamp-lilack collector on the right. The explosion 
chamber is jjrovided with a rotary scraper to remove lamp-black 
adhering to the walls.f 

Geisenberger J generates hy<lrogcn alone or mixed with carbon 
monoxide or carbon dioxide, by tin; action of heat alone or of heat and 
steam, on light hydrocarbons, su(di a.s benzine, or on other materials 
containing hydrogen and carbon, e.g., bitumen, shale, beeswax, tur¬ 
pentine, etc. 'Phe organic substanc^e is heated in a rc'tort, to wdiich 
stc^am may be admitted, to its point of <lecompositi(jn. The, hydro- 
gem is se'parated from the other gases in tlx; mixture obtained, cith(;r 
by physical means, depciuling on the differences in density, or by 
chemical means, such as absorbing the carbon dioxide by iix'aiis of 
sodium carbonate or hydroxide solution. 

Rincker and Wolter § make use of two generators, somc'what re¬ 
sembling those used in making water gas, for the decomposition of 
oils and tars. These generators are arrange<l side; by side- and charged 
with coke. After th(;y have been raised to incandescence by a blast 
of air, a charge of tar is introduced into one of them and is j)artly 
transformed into gas by the glowing fuel. The gas formed escapes 
by its own expansion. A current of air is then introduced which 
carri(;s forward the remaining vapors of tar into the second generator 
where they are converted into a permaixmt gas. At the same time 
the blast of air raises the contents of tlx; first generator to incandescence 
again, and the process is reversed by introducing the tar into the 
second generator and repeating the operations in the reverse direction. 

In a modified form of the apparatus [ the two generators are ar¬ 
ranged one above the other and are charged with coke. The coke in 
the lower generator is ignited and then brought to incandescence by 
a blast of air which has been preheated by being caused to pass through 
a jacket surrounding the upper generator. The fuel in the latter is 

* German Patent 194,301. 

t DKOomimailimi of hyilrocarboas under pressure is described by Bosch, German 
Patent 208,291, July 14, 1911; Chem. Zeit. Rep. (1914), 33. 

t French Patent 301,492, Dec. 21, 1905. 

§ French Patent 391,808, May 11, 1908. 

II French Patent 391,867, May 11, 1908. 
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also ignited and then raised to incandescence by natural draught. 
The products of combustion are allowed to escape to the chimney. 
When the fuel is glowing brightly, the air supply is cut off and a charge 
of oil is introduced into the lower generator through pipes in the top. 
The oil passes over the glowing fuel and is partially converted into 
permanent gas which escapes through a pipe in the side by its owm 



Flo. 08. 


expansion. The blast of air is then again turned on, whereby the 
vapor.s of oil left in the lower generator are blown into the upper one, 
where they are gasified and fixed during their passage through the 
glowing fuel. The lower generator is at the same time again raised to 
incandescence and the process is repeated.* 

* Apparatus for the production of hydrogen by the decomposition of the vapors 
of oil or tar by exposure to a high temperature is the basis of a patent to the Berlin- 
Anhaltisohe Masohinenbau-Aktien-Gesellschaft, Berlin, German Patent 267,944, 
Jan. 28, 1913; Chem. Zeit. Rep. (1914), 31. 
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Equipment for the llinckor-WolUT system is manufactured by the Hollandsehc 
Residugas-MaatBchappij of Rotterdam. TIic Rus-making plant consists of twin 
generators, Fig. 08, lined with firebrick and provi<led with grate bars and elinkering 
doors, in short, reecnibling water-ga.s generators but lacking a carburettor ami super¬ 
heater. The generators arc connected near the top and in the upper j)art arc lids 
for feeding purposes, which carry sprayers for introduction of the oil. 

Fig. G9 sliows the operating Uoor of one of these plants. The generators are 



Fig. 69. 


equipped with j)riinary and secondary blast pipes, steam inlets and dust collectors. 
Both generators arc charged with coke and fired. The generators are operated 
alternately in the blowing-run, the first generator receiving the primary, and the 
second generator tlie secondary, air blast, (/ombu-stiun is incomplete in the first 
generator and the producer gas obtained is led to the second generator where it is 
burned on meeting the current of secondary air, thus heating up the second generator. 

As it is preferable to reach nearly equal teini)eratures in both generators, the 
sequence is reversed after a short blowing and the first generator becomes second in 
the scries. When both generators have reached the proper temperature, the air 
valves are shut and the gas run begins. The temperature of the fuel bed has to 
be varied somewhat according to the nature of the raw materials. For hydrogen 
production a temperature of about 1200® C. is required. Too low a temperature 
gives so impure a gas that subsequent purification of the hydrogen is rendered costly. 
At the end of the blowing-run oil is sprayed for several minutes on the hot coke and 
gasification takes place. Immediately after this the sprayer is cleaned by blowing 
steam through it. The gas formed by decomposition of the oil passes to a seal and 
from there to scrubbers and purifiers. 
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Fig. 70 shows the ga,s outlets and seal. The residue of gas in the 
generators is e.xpelled by steam. Lainp-blaek is depositi'd in the 
generators and is consumed in the next run. Fig. 71 shows the geiu'r- 
ators of a plant at Utrecht. 

In a well-handled run gas of the following composition is said to be 
obtained: 

l‘or cent, 

H. 9« 


N. IS 

CO. 2.7 


And by passing this gas over lu-ated soda-lime a ga.s has been scoured 
analyzing: 

Pel’ t’onf. 

II . ns 4 

N. 12 

CO*. 0 4 


To avoid difficulties from clinkc.'ring of the ash of the fuel, tlu' author 
has suggested the addition of a small proixirtion of lime to the charge of 
coke, so as to flux the ash and thus to enable the maintenance of the 
requisite high temperature in the fuel bed.f 
A method of preparing hydrogen is proposed by the Badische Anilin 
und Soda Fabrik J according to which a mixture of hydrocarbons and 
steam is passed over an inactive, refractory oxide, such as magnesia, 
coated with nickel or nickel oxide, at a temperature of 800° to 1000°. 
The resulting gaseous mixture is freed from carbon monoxide and 
dioxide, leaving substantially pure hydrogen. 

Efforts to secure hydrogen from illuminating gas have met w'ith a 
considerable measure of success. By the process of Oechelhauser 
hydrogen of about 80 per cent purity is obtained. A gas of much 
higher hydrogen content has been produced by the Berlin-Anhaltischen 
Maschinenbau —A.—G. which is based on investigations made by 
Bunte. The illuminating gas is first freed of earbon dioxide and is 
then conducted over white-hot coke which decomposes the hydro¬ 
carbons and yields a gas mixture consisting almost entirely of hydro¬ 
gen, carbon monoxide and nitrogen. The carbon monoxide is removed 

* Sanders (Zeitech.f.angew. Chem. (1912), 2404) states that the cost of hydrogen 
by the Rineker-Wolter system is 10.5 to 14 pfennig per cubic meter. In a private 
communication to the author, the manufacturers advise the cost of the smallest 
equipment they make, having a capacity of 3500 cubic feet of hydrogen per hour, is 
$2575 plus erecting expenses. With oil at about 4 cents per gallon the hydrogen is 
estimated to cost about $1.75 per thousand cubic feet, 
t EUis, U. S. Patent, 1,092,903, AprU 14, 1914. 
tJ. S. p. I., 1914, 313. 
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by treatment with soda lime and the gas then consists largely of hydro¬ 
gen with only nitrogen as an impurity. The specific gi’avity is 0.085 
to 0.097 and the gas has been found to bo well adapted for most 
technical purposes. The pioeea.s can l)o put in operation at any gas 
works equipped with a water-gas plant and the installation is not 
very costly.* 

Pictet, t in the production of a gas of high heating value, heats crude 
petroleum, tar oil or similar hydrocarbons in tubes to such a tempera¬ 
ture (e.g., 900° to 1200°), that not all the hydrogen splits off as such, 
but appears in the end product as methane. The hydrocarbons to be 
broken down may be employed mixed with gases of less heat value, 
such as hydrogen, water gas, etc. 

The addition of hydrogen and oxygen can he so proportioned that carbon monox¬ 
ide and pure hydrogen .alone result, t Pictet produces carbon monoxide and hydro¬ 
gen § by simultaneously admitting steam, oxygen and jietroleum oil (in vaporized 



form) into a horizontal pipe heated externally in a furnace to a temperature suf¬ 
ficiently high to decompose the steam and hydrocarbon. A temperature of 1300° 
to. 1500° C. may be employed. A mixture of hydrogen and carbon monoxide is 
obtained. 

Frank j | passes purified natural gas through a furnace filled with incandescent 
coke or refractory material thereby producing hydrogen. Natural gas is first freed 
of hydrogen sulphide by passage through a purifier which contains an iron oxide, 
such as limonite. Thereupon the gas is subjected to a temperature of at least 
1200° C. The decomposition of the gas begins at a temperature of about 800° C., 
while the gas is completely split into carbon and hydrogen when the highest tempera- 

*Sander, Zeitach. f. angew. Chemie (1912), 2406. 

t German Patent No. 277,116, Feb, 13, 1913, Addition to No, 257,715; Chem, Abs., 
1916, 712; German Patent No, 289,065, Dec, 7, 1912. See also Canadian Patent, No. 
184,460, May 21,1918,' 

t U. S, Patent No. 1,134,416, Apr. 6. 1915; Chem. Abs., 1915, 1374. 

.{ U. S. Patent No. 1,228,818, June 5, 1917. 

11 U. 8. Patent No. 1,107,926, Aug. Vt, 19Ui Chem. Aba., 1944, 3359. 
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ture, exceeding 1200° C., is attained. IVaiik notes that at tliis temperature the 
higher hydrocarbons also are decomposed into carbon and hydrogen. The apparatus 
is shown in Fig. 71a. 

Rose * prepares gas containing as high as 98 per cent hydrogen by 
passing natural gas or oil over refractory surfaces heated to 1650° C. 

The production of hydrogen and soot hy the pyrogenic breaking down of light 
hydrocarbons, especially natural gas, by contact with highly-heated refractory 
surfaces, against which the gas under treatment is directed in a number of finely- 
divided currents is described by Herman.f With the exclusion of air, the baking 
and graphitizing of the soot on the surfaces may be prevented by a uniform heating 
of the surfaces serving for the decomposition and a careful removal of the soot 
from the heated surfaces after its formation. The hydrogen is drawn off and cooled 
immediately. 

Mittasch and Schneider J pass hydrocarbons and steam over a nickel 
catalyzer distributed on a fireproof carrier at a temperature of some¬ 
what above 700° C. and produce hydrogen and carbon monoxide or 
carbon dioxide. § 

They state that the conversion of hydrocarbons and steam into hydrogen and 
carbon monoxide or carbon dioxide can be carried out rapidly and completely by 
employing a nickel catalytic agent distributed on a fireproof carrier and by working 
at a temperatrurc above that of dark redness, that i.s to say alwve 700" C. Mittasch 
and Schneider observe that during the reaction it is possible that the nickel is con¬ 
verted info an oxide of nickel; or vice versa, it is also possible that the oxide or other 
compound, of nickel is reduced to the metallic form or to a compound containing 
carbon, so that it is equivalent whether metallic nickel or nickel oxide or other suit¬ 
able nickel compound be token at the commencement of the reaction. Such car¬ 
riers are employed as do not react with nickel oxide under the conditions obtaining 
during the reaction, since the contact mass, it is claimed, then retains its activity 
even after being employed for a long time. 

When working according to the present invention, a gas mixture free from or 
containing only small quantities of hydrocarbons results and after removal of the 
carbon monoxide and carbon dioxide gives rise to hydrogen which Mittasch and 
Schneider note i.r suitable for the catalytic production of ammonia, or for reducing 
fats. 

The process is carried out in upright furnaces or tubes lined with fireproof material. 
The necessary heat can be applied internally, by burning hydrocarbons in the reac¬ 
tion space and this heating can be carried on before or during the actual production 
of hydrogen. It is particularly advantageous to pass alternately mixtures of hydro¬ 
carbon or other fuel and air, and hydrocarbon and steam, into the reaction space 
since by this means it is easy to maintain the requisite temperature. The heat 
contained in the gases leaving the reaction space can be used to preheat the gas 

• U. S. Patent No. 1.254,360, Jan. 22, 1018. 

t German Patent No. 290,883, Oct, 23, 1914. 

tU. S. Patent No. 1,128,804, Feb. 16, 1915. 

I See French Patent No. 463,114, of 1913; J. S. C. I., 1914, 313; also British Patent 
No, 12,978, June 4, 1913. 
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mixt ure about to enf-er the furnaee. 'J'lic p;;i« mixture obtained, in so far as it con¬ 
tains carbon monoxide, if necessary after adding a further quantity of steam, can be 
passed over a contact agent, in order to convert the carbon monoxide into carbon 
dioxide. 

The following procedure will serve to illustrate the process: Magnesia in the 
form of lumps is burnt at a high temperature. The lumps are soaked with a solu¬ 
tion of nickel nitrate so that the magnesia contains from about 2 to 5 per cent of 
nickel, and then; after heating to decompose the nitrate, the product is placed in a 
contact furnace and a mixture containing methane and steam is passed over it ut 
from 800° to 1000° C. The reaction takes place rapidly and the activity of the 
catalytic agent does not diminish- Another method of producing a catalyst of this 
character, recommended by Mittasch and Schneider consists in precipitating metallic 
nickel on a carrier by the decomposition of nickel carbonyl. 

Instead of gaseous hydrocarbons, either liquid or solid hydrocarbons can be used, 
in which case the latter arc first vaporized or are injected directly into the reaction 
apace, or the pipes leading to the reaction space. Further, mixtures containing 
hydrocarbons can be employed such as coal gas. The nickel also can be used in 
admixture with other metals or metallic oxides. 

Brownlee and Uhlinger * employ a method of obtaining carbon 
monoxide, hydrogen and nitrogen from the products of combustion of 
internal combustion engines. 

Natural gas, coal gas, or other suitable gaseous, liquid or solid carbonaceous sub¬ 
stance, is mixed with an amount of air not sufficient for ooinplete comlmafion, and 
the mixture is exploded in the cylinder of an internal combustion engine. Tlic 
mixture is so regulated that tlie proportion of air is sucli as (,o yield tlio largest 
practicable quantities of carbon monoxide and hydrogen. For example, if natural 
gas is used, a mixture of approximately 1 volume of gas to fij volumes of air is prefer¬ 
ably employed with a compression lief ore explosion of 70 to 80 11). Under tlicso 
conditions considerable power is produced and at the time good yields of caihon 
monoxide and hydrogen are obtained. Tlie mixture of water vapor, carljon dioxide, 
carbon monoxide, hydrogen and nitrogen resulting after the comijustiou or explosion 
is cooled to remove the moisture, then corapre.s.scd, and tlie carljon dioxide, carbon 
monoxide and nitrogen liquefied in turn, thus leaving hydrogen in the gaseous state, 
but highly compressed. Instead of compressing and liquefying tlie carbon dioxide, 
«tc., after the removal of moisture by cooling, this gas may be absorbed with suit¬ 
able absorbents, as calcium hydroxide, and the carlion monoxide may be with¬ 
drawn by ammoniaoal cuprous chloride solution, leaving the nitrogen and hydrogen 
to be separated by compression and liquefaction of the nitrogen. In place of air, 
nearly pure oxygen may be uaed.j A mixture of equal volumes of natural gas and 
oxygen may be employed under a compression of 70 to 80 lb. From 1000 cu. ft. 
of Pennsylvania natural gas 1300 to 1350 cu. ft. of hydrogen will be obtained. 

Brownlee and Uhlinger J describe a process of producing hydrogen 
and carbon black which consists in passing hydrocarbons, at a pressure 

* U. S. Patent No. 1,107,681, Aug. 18. 1914. 

t U. S. Patenf No. 1,107,582. 

JU.S. Patent No. 1,168,931, Jan. 18, 1910, No. 1,205,043, May 7, 1918 and 
1,276,487, Aug. 20, 1918. See also 1,270,385 to McCourt and Ellis. 
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above atmospheric, over a highly heated mass of refractory material 
which is free from easily reducible metallic oxides. The refractory 
material is first heated to about G. and then gas or oil vapom 
passed in from the top. The carbon is collected in a chamber and 
removed as collected by means of a screw conveyer. The hydrogen is 
purified if nece ,sary and passed into a gas heater. Any carbon which 
may be deposited on the refractory material will be burned off on reheat¬ 
ing for further decomposition. Fig. 7\h shows a diagram of the appa¬ 
ratus. 

Bacon, Brooks and Clark * have devised a process for obtaining 
carbon black, and practically pure hydrogen, by the decomposition of 



hydrocarbons, the conditions of working being such as to insure a satis¬ 
factory yield of both products in a continuous operation. The apparatus 
employed is adapted to develop and maintain the high temperatures 
required and withstand, during long-continued use, the exacting require¬ 
ments imposed upon it. 

Bacon, Brooks and Clark Btc.te that unless the carbon black produced as one of 
the products of the decomposition is promptly removed from the high temperatures 
(exceeding 1200° C.) of the heating zone in which the decomposition is proceeding, 
such carbon black will deteriorate in quality for commercial uses, losing its desired 
deep black luster, and becoming materially duller and grayer. Accordingly, the 
operation is conducted so that the particles of carbon black will remain suspended in 
the hydrogen, and are removed with the hydrogen from the zone of decomposition. 

»TJ. S. Patent No. 1,220,391, Mar. 27, 1917. See also No. 1,276,383, issued Aug. 20, 
1918, to McCourt and Ellis. 






482 


TPIE HYDROGENATION OF OILS 


In Fig. 71r, is .shown a gaa-tight metal shell, having a gas-tight cover. Th( 
casing is provided at one end with an exit pipe for the outflow of the carbon black 
and hydrogen, and has an opening at its opposite end closed by a removable gas- 
tight asbestos board closure. Within the casing is a lining of fire-brick and an innei 
lining of magnesite brick. In the chamber is located the heating element which ii 
made up of a double series of graphite rings cut in two diametrically. Througl 



Fio. 7Ic. 


stuffing boxes of the face plate there extend carbon rods, each of which is connectec 
to the same terminal of an electric heating circuit. The hydrocarbon to be dccoin 
[Kised is supplied in a thin stream through the inlet pipe on the left. It enters thi 
decomposition tone of the apparatus, made up of the annular walls of the series o 
graphite rings, which rings are heated by an electric current to a temperature ex 
ceeding 1200° C. and sufficient to flash and decompose the hydrocarbon into carboi 
black and hydrogen. The temperature of flashing or decomposition, and the (juan 
tity of liquid hydrocarbon injected are so adjusted that the gas pressure develo])e( 


.0/7 



shall be sufficient to sweep the particles of carbon black without permitting then 
to settle in the decomposition zone of the apparatus. The carbon black is depositee 
in a settling chamber, and the hydrogen is carried on to a gas holder. The carboi 
black recovered is of a black silky luster, and the hydrogen is substantially pure. 

Ellis describes* a type of furnace connected to a checker-worl 
chamber, to be used for the heat decomposition of oils to yield hydrogen 

• U. S. Patent No. 1,092,903, Apr. 14, 1914. 
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A bed of coke in the furnace is heated to white heat and hydrocarbon 
oil entered above the bed where it is decomposed. The vapors pass 
through the heated checker work and are further decomposed. The 
furnace is provided with air and steam inlet pipes for blowing up the 
fire and for sweeping out contaminating gases. Fig. 71d shows this 
form of apparatus. 

By a modification of the Rincker-Wolter process* liquid hydro¬ 
carbons are converted into oil-gas, on contact with glowing coal or 
coke in the customary manner, and water gas or other gas containing 
hydrogen is led into the oil-gas generator with the object of converting 
the oil residues into hydrocarbons that can be gasified. The forma¬ 
tion of tar in the oil-gas generator is thus avoided. Two generators 
are used, each serving as a water-gas generator and an oil-gas generator 
alternately, t 

A portable plant of the Rincker-Wolter type, which may be used for military 
purposes, is arranged so compactly that it may be mounted on two ordinary railway 
flat cars. The apparatus consists of two gas producers in which hydrogen is made 
from oil which is sprayed into the producer. The gas is then passed through puri¬ 
fiers and driers to give hydrogen of the desired purity. In case it is necessary to 
compress the gas a third car is necessary, t 

Barth § produces hydrogen by first decomposing oil in a furnace and 
then further heating the gas 
formed in a separate furnace 
to produce hydrogen. He 
claims for this method that 
there is an economical use of 
fuel and that the contact 
mass in which the hydrogen 
is formed does not become 
contaminated with carbon, 
etc. 

The furnace or vaporisation 
chamber used by Barth, see Fig. 

71c, is constructed of an iron 
jacket which has a lining of re¬ 
fractory bricks, and which is filled Fjg, 715 . 

with a refractory grating or with 

coarse pieces of refractory material. The gases of combustion which escape from 
the generator during the blowing or reheating period are passed through the 

* British Patent No. 6.285. Apr. 27, 1915. 
t See also Canadian Patent No. 181,962, Feb. 5,1618* 

1 Scientific American Supp., Sept. 5, 1914, 155. 
s U. S. Patent No. 1,172.925, Feb. 22, 1916. 
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refractory p'ating of the vaporization chamber. Near the end of the blowing 
period the gases contain a certain amount of carbonic oxide which is burnt within 
the vaporization chamber by admitting air thereto. By this operation the grating 
of refractory material within the vaporization chamber accumulates the heat 
which is necessary for >^j)orizing the liquid fuel and in some cases for partly 
decomposing the same. Finally the air supply is shut ofT, and the vaporized oil or 
other fuel is paf5sed into the vaporization chamber through several nozzles and 
vaporized therein. The vapors arc passed through the glowing charge of coke 
within the generator, where they are dccompoHcd in sucii a way as to split off carbon 
and to produce either an illuiiiinating and he:iting gas (if the process is carried out 
at a temperature of about 1000'^ C)., or hydrogen (if the process is carried out at a 
higher temperature). Tlie vapors of oil or other fuel are alternately passed through 
the generator in opposite dirccfioas, that is alternately from above downward and 
from below upward. Thereby the heat which ha.s been accumulated within the 
generator is uniformly consumed, and the lower part of the generator whieii, during 
the blowing period, is subject to the highest strain is not brought to an excessive 
temperature. 

A process of producing hydrogen ga.s or g.is containing this constituent is proposed 
by Lowe * wiiich involves heating a bed of solid fuel to iiK^aiidesccnce, in passing into 
the ignited mass a quantity of jietroleuni oil which breaks down into hydrogen and 
carbon. The hydrogen is removed and the deposit of carl)oii i.s subjected to com¬ 
bustion with an amount of air sufficient only to consume i)art of the carbon 
which has been deposited. Then further quantities of petroleum oil arc injected 
into the fuel mass.f 

Snellingjt employs carbon compounds which arc capable of dis¬ 
sociation by heat in a reversible manner, with 
the liberation of hydrogen. Those compounds 
are heated in a closed chamber or tube with 
walls more penncable by hydrogen than by 
other substances present, and the hydrogen 
formed is thus withdrawn during the reaction. § 

An apparatus for producing hydrogen from natural 
gas, crude petroleum or garbage grease de.signed by 
Brunner 11 employs a scries of vertical stand pipes 
alternately connected at top and bottom and internally 
sprayed with water to remove carbon and other im- 
Fiu. 71/. purities. The water is finally discharged through a liquid 

seal at the bottom of each pipe. (See Fig. 7J/.) The 
organic material is heated in an adjacent furnace (not shown). 

* U. S. Patent No. 1,174,511, March 7, iyi6. 

t Bee also Fruflch, U. B. Palcnt N(». 1,11K,K»9; Nov. 24, li)14. 

t J. S C. I., 1915, 249; U. K. Patent No. 1.124.;i47, Jan. 12, 1915. 

§ Soc al»() O. P. & D. Keijorter, Apr, 5, 1915, 34. 

11 U. S. Patent No. 1,246,8C7, Nov. 20, 1917; Chem. Aba., 1918, 297; J. S. C. I., 1918, 

30a. 
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HYDROGEN BY THE ACTION OF STEAM ON HEATED 
METALS 

A large number of proposals for making hydrogen exist which are 
based on a very old reaction, namely, the passage of steam over red 
hot iron in a finely-divided state. The main reaction which occurs is 
3 Fe -b 4 H 2 O = FC 3 O 4 + 4 Ho. 

On the large scale it becomes necessary to regenerate the iron material; 
which is effected by reduction, usually with water gas. With an im¬ 
pure gas slagging difficulties arise. Giffard found that the charge of 
iron soon became inefficient because the sulfur in the gas formed on 
the iron particles a resistant coating of iron sulfide, which also acted 
as a flux and caused the iron material to sinter into a coherent mass. 
Hence jirior purification of the reducing gas was found necessary for 
satisfactory operation. Apart from the sintering effect of sulfur on 
the iron material, the water gas should be freed from this element as 
otherwise the hydrogen would take up sulfur and poison the cata¬ 
lyzer. For each cubic foot of hydrogen produced, about three cubic 
feet of water gas arc required. This requires the purification of three 
volumes of water gas for one volume of hydrogen. 

Some of the processes described have had little or no commercial 
success, but are included because they involve certain features which 
are suggestive or instructive. 

Lewes * prepared hydrogen in the following manner: 

A retort, partly filled with iron borings, or with a mixture of iron and carbonaceous 
materiiii, or with asbestos containing iron in a very fine state of division, is placed 
in the center of a gas producer. By means of an air blast the fuel in the producer 
is raised to a bright red heat and then a little steam is admitted together with the 
air. The gaseous mixture of carbonic oxide, nitrogen and hydrogen produced in 
this way is led from the top of the producer down through the retort. As soon as 
the iron oxide in the retort is completely reduced, and the requisite temperature 
has been attained, the producer gas is turned off and steam, previously heated in 
the producer, is passed over the iron, the hydrogen being led away to a gasometer. 
The process is then repeated as described. One of the advantages claimed for 
this form of apparatus is that the rapid cooling of the iron during the decomposition 
of the steam is prevented. Lowes claims (British Patent 4134, March 7, 1891) the 

• British Patent 20,752, Dec. 19, 1890. 

485 



486 


THE HYDROGENATION OF OILS 


use of a mixture of carbonic oxide, nitrogen and hydrogen for the reduction of oxide 
of iron in the above process. This gaseous mixture is regarded as a better reducing 
agent than carbonic oxide, and is easily obtained. The finely-divided iron employed 
for the production of hydrogen i.s prepared by saturating asbestos or pumice with 
certain iron salts, which are easily dccom[)Oscd into oxide of iron on heating, or by 
mixing moist hydrated oxide of iron with asbestos fiber and iron filings. 

The Dellwik-Fleischer Wassergas-Ges. m. b. H.* prepare iron by 
the reduction of a mineral oxide which retains both porosity and re¬ 
sistance after repeated use. In order to prevent deposition of carbon 
during the reduction of the iron oxide in the retort, the reducing gas 
is mixed with a volume of steam equal to at least half the sum of the 
carbon monoxide and hydrocarbons present in it. It is also found 
economical to carry the reduction only half way instead of completely 
to the metal, and this, moreover, gives purer hydrogen since no carbon 
can be deposited during such partial reduction. In British Patent 
7849, of 1909, the D<41wik-Fleisohor ("^o. make use of iron pyrites 
roasted to expel all sulfur and volatile mfdals.f 

Hydrogen gas is produced according to Hills and Lane i by passing 
steam, preferably superheated, over iron contained in heated retorts; 
and the mixture of hydrogen and steam is led through cooLts, from 
which the hydrogen passes to a gasometer. By means of reversing 
valves, controlling inlet and outlet passages, a reducing gas, such as 
water gas, coal gas or the like, is then led through the retorts to reduce 
the iron oxide formed, and then steam is again passed through. I^ane 
and Monteux § secure the production of pure or nearly pure hydrogen 
in a continuous manner by the action of steam on red-hot iron. Finely- 
divided iron is contained in a series of vertical retorts, heated exter¬ 
nally by gas, in combination with a regenerative sy.stem. The retorts 
are so connected that a current of steam passes through some, while 
the iron oxide, already formed, is being reduced in others by a stream 
of reducing gas sent in the opposite direction. Oxidation and reduc¬ 
tion thus take place alternately, oxidation being found to occupy only 
half the time of reduction. The hydrogen produced is cooled and 
purified, to remove traces of carbon dioxide, etc. The reducing gas 
is made in a producer, and by introducing an excess of steam, it be¬ 
comes rich in hydrogen. The excess of reducing gas is utilized for 
heating the retorts. After repeated use the iron becomes inactive, 
owing to an accumulation of impurities, but if these are burned away 

* French Patent 395,132, Oct. 10, 1908. 

f British Patent 21,479, Oct. 10, 1908, and 7849, April 1, 1909. 

t British Patent 10,356, May 7, 1903. 

5 French Patent 386,991, Feb. 7, 1908. 
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by the occasional admission of air, the efficiency of the iron is said to 
be restored. 

As it has been found in practice that the reducing reaction takes considerably 
longer than the generation of hydrogen, the Lane process (British Patent 17,591, 
July 29, 1909) may be carried out in three or more groups of retorts, the greater part 
of which are constantly subjeeted to the action of reducing gases for the regeneration 
of the iron, or other hydrogen-producing substance. The retorts communicate 
with one another by means of a series of pipes, fitted with controlling valves, so 
that steam or the reducing gases may be admitted as required. The hydrogen, 
which is evolved in the first few minutes of the operation, being impure, is diverted 
from the collector of pure hydrogen, and mixed with the water gas used for reduction. 
A considerable excess of water gas is used for reduction, and it undergoes a very 
thorough system of purification before being admitted to the retorts; the excess, 
whicli issues, is freed from the accompanying steam and used again. Means are 
])rovided for forcing hot air through the reaction chamber, wliich is done periodically 
lietween the two reactions so as to burn out objectionable impurities, especially 
sulfur. For the purification of the excess of water gas, or other reducing medium, 
which issues unchanged from the reducing retorts, the gas is passed into a cooler 
and washer, which removes mechanical impurities, and thence into a compressor. 
From the latter it passes under a pressure of several atmospheres into a strong 
reciuver. Tlie latter contains coke or the like material, down which cold water is 
dist.ril)uted by means of a pump or other forcing device. The compressed gas, 
coming into contact with cold water, is freed from such impurities us sulfur dioxide, 
hydrogen sulfide, carbon dioxide, etc., either by solution or by condensation, being 
at the same time deprived of the greater part of its moisture.* 

With the Lane and similar apparatus it has been found f that the 
hydrogen gas obtained contains a relatively large proportion of gaseous 
and solid bodies or impurities, produced concurrently with the hydro¬ 
gen and whose presence considerably increases the quantity of reducing 
gas necessary for carrying out the reduction operation, as well as the 
time'necessary for effecting the deoxidation of the contact material. 
The presence of these impurities in the hydrogen gas is due to the fact 
that the reducing agent contains sulfur, carbon, etc., which either 
, become deposited on the contact material or generate gases such as 
sulfurous acid, sulfuretted hydrogen or carbon dioxide. After the 
reduction phase a certain quantity of free reducing gas still remains 
in the retort, the presence of which contaminates the hydrogen and 
consequently lessens its commercial value. 

Lane, therefore, proposes means for removing the reduemg gas as 
well as the sulfur, carbon and other impurities between the two 
oxidizing and reducing steps of the process. To this end the retort 
is provided at each extremity with a multiple-way controlling valve 
adapted to establish communication between that end of the retort 

* Une, British Patent 11,878, Jan. 29, 1910. 

t Lane, U. S. Patent 1,028,366, June 4, 1912.j 
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and any one of three pipes connected respectively at the one end of the 
retort to a supply of air under pressure, a supply of reducing gas, and 
a hydrogen receiver, and at the opposite end of the retort respectively 
to an outlet, a gas-washing and regenerating apparatus, and a supply 
of steam under pressure. 

In Fig. 72 A is the retort provided with an inlet B at the lower end and an outlet 
C at the upper end, and F and G are four-way valvc.s which are capable of being 
rotated by means of hand-wheels H and J so as to open communication on the one 
hand between the retort A and either the pipe K connected 
to a hydrogen container, a pipe M connected to a supply 
of reducing gas, or a pipe N connected to a supply of air 
under prcssiue, and on the other hand either with a dis¬ 
charge pipe 0, a pipe P leading to a gas-washing or regen¬ 
erating apparatus and a pipe Q connected to a supply of 
low-pressure steam. Assuming that the contact material 
in the retort has been oxidized during the previous hydro- 
gen-producing phase, the sequenee of operations i.s as 
follows. In the first place the impurities deposited on the 
contact material during the previous reduction jihase, or 
present in the gaseous state in the retort, are removed by 
effecting their combustion. This is effected by rotating 
the valve G one-quarter of a revolution so as to admit 
air under i)ressure to the lower part of the retort through 
the pipes N and D, and rotating valve F so as to force 
out the products of combustion into the atmosphere 
through the pipes E and 0. The valve G is then rotated 
so as to admit reducing gas to the retort through pipes 
M and D and rotating valve F so as to open communi¬ 
cation between the upper part of the retort and the gas- 
washing or regenerating apparatus through pipes E and P. 
At the completion of the reducing phase the valve F is 
rotatisl BO !>s to connect the upper part of the retort with 
the .supply of steam under pressure through pipes Q and 
E, whereupon the pressure of the steam being greater 
than thiit of the reducing gaa remaining in the retort, the latter is forced out 
through pipes D and M carrying with it the impure hydrogen which has been 
generated by the action of the steam on the sulfur, carbon, etc., deposited on the 
contact material. As soon as it is found that the hydrogen passing out through 
pipe M is sufficiently pure the valve G is rotated so as to deliver the gas to the 
hydrogen container, after which, air is then again passed through the retort in the 
manner previously described.* 

* Lane (U. S. Patent 1,040,218, Oct. 1, 1912) purifies the roducing gas in the 
manufacture of hydrogen by the alternate oxidation and deoxidation of iron, by 
compressing the reducing gas to a pressure of several atmospheres and then causing 
it to flow (while still under pressure) in contact with an oppositely flowing stream 
of water. To increase the effectiveness of the washing operation, the gas is passed 
through a coke tower through which water is flowing in an opposite direction. 
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Fig. 73 shows the Lane system as installed in the works of a large 
soap manufacturer in England. Figs. 74 and 75 show the same system 
installed at a plant near Paris. 

Lane states * that in practice it has been found difficult to obtain 
pure hydrogen in consequence of the steam admitted to the retort 
during the oxidation state coming into contact with the reducing gas 
admitted during the previous reduction state and with the sulfur, 
carbon, etc., associated with and introduced into the retort by this 



Fio. 73. 


gas, the result of which contact being the formation of sulfuretted 
hydrogen, sulfurous acid, carbon dioxide, etc., and consequent con¬ 
tamination of hydrogen produced by the action of the steam. Lane 
proposes to remove the sulfur, carbon and other impurities left by the 
, reduction phase, by admitting air under pressure to the retort and 
discharging the products of combustion into the atmosphere. The 
admission of air to the retort and the discharge of the products of 
combustion then ceases and reducing gas is admitted and passed 
through and out of the retort to a gas-washing and regenerating appara¬ 
tus. When the reduction stage has been completed the admission of 
reducing gas is shut off and steam admitted. As a certain proportion 
of reducing gas will then be present, impure hydrogen will be produced 
and this is allowed to go to waste, until the product is found to be 
sufficiently pure. Thereupon the outlet to the atmosphere is closed 
and the hydrogen passed into a storage tank. 

* U. S. Patent 1,078,680, Nov. 18, 1913. 
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A process devised by Messerschmitt * depends upon the alternate 
oxidation of spongy iron by means of steam, with the evolution of 



Fio. 74. 


hydrogen, and the reduction of the resulting iron oxide t hy means of 
reducing gases, such as wat('r gas. 



Ki(i. 7.5. 


* French Patent ttt.Kg), May 22, 1912. 

t After iron oxide ha.s been used for a time it becomes partially or wholly inac¬ 
tive and has to be replaced by fresh material. It has been proposed to make the 
reducing chamber vertical with a grate at the bottom through which the spent oxide 
be removed from time to time just as ashes are withdrawn from a gas producer. 
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An upright, cylindrical reaction chamber made of iron is suspended inside a 
furnace chamber, with which it ia in oj)cn communication at the bottom, the lower 
end of the cylinder being provided with a grate to support the column of reacting 
material. The width of the reaction cylinder is relatively small, so that the contents 
may readily be heated from all sides, and the furnace chamber is provided with 
checkerwork constituting a su|>crhcatcr. Both the reaetion cylinder and the 
furnace chamber are eapablc of being sealed, and are provided with a system of 
pipes and valves, enabling the introduction of cither steam or water gas into the 
reaction cylinder or the furnace chamber. An air-supply pipe communicates with 
the furnace chamber, and a pipe leading from the top of the reaction cylinder can 
be put into communication with a gas purifier and the steam-raising plant. The 
process is carried out in throe phases; water gas and air are first burned in the furnace 
chamber until the material iiLsidc the reaction cylindcjr has reached the required 
temperature. The air supply is then cut off and water gas, flowing in at the bottom 
of the furnace, bc(5omes strongly heated, enters the open lower end of the cylinder, 
traverses the mass of iron oxide in an upward direction, and finally passes off at 
the top to the steam-raising ])lant, where any combustible gases arc utilized. When 
the reduction of the iron oxide is coinpleto the supply of water gas is cut off and 
steam is introduced, first into the bottom of the furnace to sweep out any residual 
gases from the second operation (the furnace being in direct communication with 
the chimney while this is going on), and then into the l.op of the furnace chamber, 
from which it passes downwards through the hot chcckcr-work and finally upwards 
through the mass of spongy iron. Hydrogen issues from the toj) of the reaction 
cylinder and travels through a purifier into a gasometer. The iron receptacle may 
take the form of two concentric cylinders, the reaction material being in that case 
oharge<l into the annular space between the two. The cylinders arc periodically 
heated and reduced by me.ans of the reducing gases, both inside and outside. 

Messerschmitt has proposed to use compact iron (wrought iron or 
steel) as a support for spongy iron; only the surface layers of the com¬ 
pact iron taking part in the reaction. The spongy iron may, for 
example, be placed in the channels of a number of iron bars of U-shaped 
cross-section, or in perforated moulds, tubes, boxes or troughs of 
compact iron,* 

Elworthy t asserts that the various apparatus proposed for the pro¬ 
duction of hydrogen by the steam and iron method are subjected to 
serious drawbacks in practice, owing to the liability of the iron to cake 
together and to its difficulty of access and removal. 

The iron rapidly cakos and chokes, so that the steam or gas comes into 
contact with only a small proportion of the active surface and loss of efficiency 
results. It is thus frequently necessary to remove and replenish the iron; but this 
is a troublesome operation, owing to the construction of the furnace and difficulty 
of the removal of the iron. Hence Elworthy places the iron in finely-divided form 
in a large number of separate trays of refractory fire-brick or the like, each adapted 
to contain a shallow layer of iron in finely-divided form and to be built up in succes¬ 
sive layers from bottom to top of the furnace, so as to form a close-lying refractory 

• British Patent 12,117, May 22, 1912. 

t U. S. Patent 778,182, Dec. 20, 1904. 
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filling (Fig. 76). The trays are open at their ends to enable the steam or gas to 
pass freely over them in contact with the iron when built up, and they have sup¬ 
porting flanges for supporting the under face of one tray at a suitable distance from 
the material on the tray below, and this under face of the tray radiates a quantity 
of heat onto the shallow layer of metallic iron during the heat-absorbing or oxidizing 

stage, while at the same time super- 
heating the steam as it passes along 
the narrow shallow channi^l between 
the upper and lower series of trays. 
When the trays are built up in the 
furnace, they form a number of nar¬ 
row flues containing a shallow layer 
of iron and running in a zigzag course 
from bottom to top of the furnace 
and affording free passage for the 
steam or reducing gas. These narrow 
flues, so to speak, divide up the mass 
of refractory material into a cellular 
structure such that the gases can 
pass freely through the cell flues over 
the iron. 

Messerschmitt * emiiloys spongy 
iron produced from fragmontai’y oxide 
ii-on ore (i.c., an ore containing 
FciOj). Only spongy iron produced 
from such oxidized iron ore is re¬ 
garded by Messerschmitt as pos¬ 
sessing tlie requisite porosity and 
strength lor carrying out the proc¬ 
ess. 



The effect of using ferric oxide us raw material, it is claimed, is that the oxide 
after reduction becomes jjoroua throughout its entire mass on aecount of the de¬ 
crease in volume consequent upon the removal of the oxygen therefrom and thus 
an increased surface is exposed to the subsequent action of the steam. The use of 
ferric oxide in the form of oxide ores is important because the lumps of this ore, in 
consequence of its peculiar natural texture, maintain their shape in .spite of repeated 
reductions and oxidations and the ore possesses the necessary strength to withstand 
the pressure of superimposed layers; if this were otherwise the path for the gases 
would become choked by the crumbling of the ferric oxide and continuous working 
would be impeded. The gangue, clay, silica and other components of the ore have 
■for effect to prevent (in spite of high temperatures which may be produced either 
intentionally or in consequence of irregular working of the furnace) a sintering of 
the charge, the latter thus constituting a sort of rigid incombustible carrier for the 
oxides and the iron sponge. 

The presence of carbon monoxide in hydrogen gas-mixtures as at present produced 
by the action of steam on reduced iron is to be ascribed to the following: If ferric 
oxide be reduced by means of carbon monoxide metallic iron and carbon dioxide 
are formed, but 'simultaneously a considerable quantity of carbon is precipitated 
from the carboi^ monoxide. Hence, if after completion of the reduction phase of 

• U. 8. Patent 971,206 of Sept. 27, 1910. 
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the process, steam be led over the mixture containing spongy iron thereby produced, 
thore is produced not only hydrogen according to the equation, 

3Fo + 4H,0 = Fe ,04 + 4Hs, 

but also at the same time carbon monoxide and carbon dioxide resulting from the 
reaction of the steam on the carbon present, thus contaminating the hydrogen. 
Since the carbon present is incompletely decomposed by the steam at the compara¬ 
tively low temperatures used, ttve carbon increases more and more by the repeti¬ 
tion of the cycles (i.e., of the reduction and oxidation phases of the process) and 
consequently the impurity of the resulting hydrogen becomes greater and greater. 
From this tho necessity of employing means for the prevention of the precipitation 
of carbon during the reduction phase will be evident. The precipitation of carbon 
from the heated carbon monoxide takes place, according to the equation, 

2CO = C + CO,. 

In order to prevent this precipitation of carbon the following method is used by 
Messersclimitt: 

The gases destined for reduction and containing carbon monoxide and hydro¬ 
carbons are mixed with a quantity of steam such that the steam volume amounts, 
at the most, to half of the volume of the carbon monoxide plus that of the hydro¬ 
carbons. For reducing the ferric oxide (or FcjO*) this mixture may be directly led 
into the retorts or tubes containing the iron oxide without a considerable amount of 
carbon being precipitated. Tho reason of this result is explained as follows; If 
carbon monoxide be mixed with steam, hydrogen and carbon dioxide are formed 
and < bo volume of the first is tho same as that of the carbon monoxide transformed 
into d'lixido by tlie oxidation. In place of CO therefore an equal volume of Hj and 
an I quol volume of COj is formed according to the equation, 

CO + HjO = Hj -h COj. 

In general tho reaction with hydrocarbons is as follows: 

CmHn 2 inHzO = 2 mHz + nH + mCOj. 

For every volume of hydrocarbon therefore one volume of CO 2 and more than 
two volumes of hydrogen are formed. Now as only half of the carbon monoxide 
is oxidized by the steam to COz (since the amount of slcam added is only halt that 
of the CO) as final product a gas of the following composition is obtained according 
to the e<iuation, 

2 CO "b HzO = CO "b Ha -b COz. 

The gas used for reduction of the iron therefore would yield for every volume of 
carbon monoxide one volume of hydrogen and one volume of carbon dioxide, or 
for two volumes of reducing gases one volume of carbon dioxide. This proportion, 
however, should not be changed on account of the reducing gases because otherwise 
the reduction of the FcsOa to metal no longer takes place. For this reason the 
addition of steam is restricted according to the above equation in order that the gas 
and steam mixture may be used directly for the reduction of the iron. This reduc¬ 
ing gas of the composition CO + Hz + COz, however, precipitates considerably less 
carbon during the reduction than pure carbon monoxide or carbon dioxide mixed 
with nitrogen (producer gas) would do. The reason for this lies in the presence of 
the hydrogen. The latter first attacks the ferric oxide with the formation of steam 
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which again reacts on the carbon monoxide and thus again produces hydrogen 
and carbon dioxide. By this means the carbon monoxide tending to precipitate 
carbon is continually reduced, whereas the carbon dioxide and the hydrogen (neither 
of which precipitates carbon) is increased. From this Mcsserschmitt concludes 
that the presence of hydrogen considerably restricts the precipitation of carbon from 
the carbon monoxide. Hence Messenschmitt proposes to provide for the addition of 
steam in such manner that its volume only amounts to about half of the combined 
volume of the carbon monoxide and that of the hydrocarbons contained in the gas. 

The reduction of ferric oxidcvS to spongy iron by means of reducing gases takes 
place very gradually, the iron being gradually reduced to lower stages of oxidation 
according to the following equations, 

3 FejOa + CO = 2 FcaO^ + COi, 

2 F(^a04 + CO = FcbO, + COj, 

Fc 304 + CO = 3 FeO + CO*, 

from which combinations metallic iron is formeil by a further reduction according 
to the equation, 

Fe607 + 7CO-3Fc2 + 7CO2. 

A surplus of reducing gas is necessary in order to render the reduction to spongy 
iron complete. Since between the products of oxidation (CO 2 , ILO) i)roduccd and 
the reducing gases (CO, H, Cnllm) a relationship of equal weights, according to 
Mcsserschmitt, subsists which is not affected even by prolonged reaction on the 
ore, the waste gos of the reduction always contains a considcrabh' amount of reduc¬ 
ing gases. The more unfavorable the proportion of undeoomposed and decomposed 
gases in the waste gases becomes, the more difiicult it is to reduce the ore. Reduc¬ 
tion takes place easily at the beginning, wherejis it becomes more difficult as the ore 
becomes poorer in oxygen and the further reduct ion to spongy iron has progressed. 
It is immaterial for the production of the hydrogen w’hetlier, during the reduction 
phase metallic iron or a lower stage of oxidation than that of black oxide of iron is 
produced, since Fe as well as FcO and FceO? for instance arc oxidized to Fe 504 when 
acted on at incandescence by means of steam while giving off hydrogen according 
to the formula, 

3Fe + 4H20 =Fea 04 +4Hi, 

or 

FefiOj + HjO =2 FesOa + Hj. 

Now it has been found that the proportion of the gases necessary for the reduction 
relatively to the hydrogen produced during the oxidation phase remains relatively 
small and that efficient, working is secured if the reduction of the ferric oxide 
(FejO^) during the reduction phases is only incompletely effected (at most only half 
reduced). 

By the reaction of the steam during the oxidation phase, several gases, methane, 
carbon dioxide and hydrocarbons, are formed from carbon iron combinations, con¬ 
taminating the hydrogen. Absorption of carbon is impossible as long as (in addition 
to spongy iron) a surplus of oxides is contained in the ore. If, for instance, carbon 
were actually taken up it would of necessity have to be decomposed again by the 
oxygen of the oxide present, according to the equation, 


FciOt 4" G = 6 FeO 4" CO. 
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A simple form of apjJiiratus (levi,s(!(l l)y Messersehmitt * * * § is shown 
in Fig. 77. The eoiitaet inatc'rial in Hiis ease is iron in tlu; form of 
tubes. Tliese arc shown at d in the furna(!e chamber /. 'I'lie tube.s d 
slip over tlic upright tubes c projecting from the top of the distrib¬ 
uting chamber b. A filling of sand around the base of these tubes d 
seals them and yet allows their 
ready removal when replacement 
is required. The reducing gas is 
introduced by the inlet a.f 

In anothi^r type of furnace for 
the production of h 3 'drogen from 
reduced iron and steam, Messer- 
schmitt t makes use of apparatus 
as shown in Fig. 78. I’hc reaction 
is carried out at different planes in 
this furnace. The walls are ])ro- 
vided at different heights with 
heating channels cc. Idle gas and Kia. 77. 

air nozzles 1, 2, 3 and 4 are so dis- 

jjosed that the heating gases are discharged tangentially into the 
furnace in such a manner as to prevent local overheating of the iron. 
The oxidized iron in the different zones of the furnace is successively 
reduced and heated and the wa.ste gases from one zone are burned 
by the aid of a blast of air in a higher zone. In the upper part of 
the structure the checkerwork g enables preheating of the reducing 
gas and .steam. 

Natural ores of manganese or of mangane.se and iron are employed 
by Messerschmitt § in place of ordinary iron ore. It is stated that 
hydrogen is obtained in good yields at 700° to 800° C. or about 200 
degrees lower than with iron sponge. 

* Chem. Ztg. Rep. (1913), 521. 

t A description of apparatus recently recommended by Messerschmitt appears 
in Chem. Zeit. Rep. (1913), 696. (German Patents 266,863, July 9, 1911, and 
267,594, Feb. 9, 1912.) Messerschmitt has also taken out German Patent 268,339, 
Oct. 18, 1912, supplementing patent No. 267,594. (Chem. Zeit. Rep. (1914), 31.) 
A method for the manufacture of hydrogen by the alternate oxidation and reduc¬ 
tion of iron is described by Messerschmitt in German Patent 268,062, Nov. 3, 1912. 
(Chem. Zeit. Rep. (1914), 22, and Zeitech. f. angew. Chem. (1914), 47, No. 5; (1914), 
61, No. 7.) See also German Patent 263,390, July 24, 1912. 

t Chem. Zeit. Rep. (1913), 521; German Patent 263,391, July 26, 1912. 

§ J. S. C. I., 1914,201; French Patent 461,480, Aug. 19,1913. Additional methods 
employed by Messerschmitt for the generation of hydrogen are described in J. S. C. I., 
1614, 313. 
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An apparatus craployod by the Internationale Wasserstoff-Aktien- 
Gesellschaft is shown in Hg. 70. On the left is a gas producer sup¬ 
plying fuel gas to heat the two vertical nitorts shown on the right. 
The heating gases and products of combustion move in the direction 
indicated by the arrows and finally pass to an exit flue. The valves 



o and h are opened and water gas flows through the iron ore filling the 
retorts, reducing iron oxide to finely-divided metallic iron. When 
reduction has sufficiently progressed the valves o and b are closed and 
the three-way valve c is opened. Steam is admitted by tlie valve d 
arid hydrogen is withdrawn at e. When the iron becomes reoxidized 
the steam is shut off and the oxide again reduced by water gas. The 
reducing gases after passage through the retorts are burned in the 
combustion chamber. The hydrogen exhibits a purity approaching 
98 per cent at a cost of 4 cents per cubic meter.* 

The above concern t employs iron pyrites waste as raw material, 

* Chemie der base, Rrahmer, Frankfort (1911), 93. 

t It should be stated that the Internationale Wasserstoff-Aktiengesellschaft of 
Gemlany;ig the ovfn^' of a considcrsblB number of processes and patents (Iwag 
Stateml cAl itB nrodAction of hvdroeen. 
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which has been deprived of sulfur, arsenic and zinc by roasting; 
this material is porous and refractory and retains these properties 
after repeated use.* 

By another process a ferruginous mass is treated alternately with 
steam and a purified reducing gas, both of which are preheated in 
regenerators situated outside the reaction furnace, so as practically 
to avoid transference of heat by conduction from these to the furnace. 
The reducing gas leaving the reaction furnace is burned with oxygen 
or air in the regenerators, and the process may be made continuous 
by employing two or more regenerators with a central furnace, and 
passing steam and gas through the system, first in one and then in the 
opposite direction.! 

In Fig. 80 is shown a hydrogen-generating apparatus designed by 
Strache.! if is a gas producer, the gas from which passes through 
the reaction chamber E, containing iron filings, and is burned in the 
checkerwork R. On passing steam through the checkerwork in a 
reverse direction the steam becomes superheated and when brought 
into contact with the iron filings in E hydrogen is produced and is 
withdrawn at W. Another apparatus designed by Strache § is shown 
in Fig. 81. The water-gas generator 2, provided with inlets 25 and 4, 
for steam and air respectively is connected with the reaction chamber 
6, by the pipe 5, provided with a gas-discharge pipe 24. Just above 
the place where the pipe 5 enters the reaction chamber is a baffle 22, 
and on the opposite side of the chamber is a similar baffle 23. A 
branch from the air-supply pipe opens just below the baffle 22, and 
similar branches open at 8 and 9. The reaction chamber 6 is divided 
into compartments by gratings on which the iron reaction material is 
placed. In the upper part of the chamber, above a regenerator 10, 
are purifying retorts 11, the gas to be purified entering by 20 and the 
purified product leaving by 21. When the apparatus has been brought 
to the proper temperature and is ready for the production of hydrogen, 
steam is introduced through the pipe 14, below the valve 13, so as 
to displace any gases from the pipe 5 and the ash-pit 15. Steam is 
then introduced through the tube 18, below the valve 12, displacing 
gas from the reaction chamber from the top downwards. The hydro¬ 
gen produced passes away through 19 to a holder, from which it may 
be passed through the pipe 20 into the purifying retorts 11, charged 
with potash lime. 

• French Patent 405,200, July 19, 1909. 

t British Patent 2096, Jan. 25, 1913, Badische Anilin und Soda Fabrik, 

t Brahmer, Chemie der Gase, 91. 

( German Patwt 253,705, Got. 26,1910. 
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The claim is made by Dieffenbach and Moldenhauer * for the use 
of the residue left on roasting spathic iron ore in the air, in the prep¬ 
aration of iron to be employed in the decomposition of steam. This 
material is very porous, and is in most cases free from substances 
which would have injurious effects in the manufacture of hydrogen. 
They also claim f the use of alloys of iron with manganese, chromium, 
tungsten, titanium, aluminium or other similar elements as the primary 
materials. These have the advantage that they are not fusible, do 



not soften, and do not form fusible or soft compounds with iron or its 
oxides. In place of alloys, mixtures of iron or its oxides with the other 
elements specified, or their oxides, may be employed, for instance in 
the form of briquettes. 

In the preparation of hydrogen by the alternate action of steam on 
iron and of reducing gases on ferric oxide, the iron soon loses its activity 
owing to fritting, etc. The Badisebe Anilin und Soda Fabiik | claim 

* German Patent 232,347, Feb. 6, 1910. 

t French Patent 444,044, May 20, 1912. See also Zeltach. f. angew. Chem., 1914, 
No. 25, 222. 

t French Patent 440,780, Feb. 29, 1912. 
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as remedies: the use of fused iron oxides, especially in conjunction 
with refractory and difficultly reducible oxides of high melting-point 
such as magnesia or zirconia, the iron oxides being prepared by the 
fusion of metallic iron in the presence of air or an oxidizing agent; 
fused iron oxides may be used in conjunction with a silicate as well as 
similar naturally occurring minerals such as magnetite. The Badische 
Anilin und Soda Fabrik* also recommend spongy iron prepared by 
the reduction of minerals or oxides of iron by means of carbon, employ¬ 
ing external heating. The metal is said to retain its porosity after 
repeated use. " Spongy Swedish iron,” prepared in the above manner, 
is especially suitable. 

The Berlin-Anhaltische Maschinenbau-A-G.t has an apparatus for 
making hydrogen by the iron-sponge system which considerably facili¬ 
tates the handling of the ore and the regulation of the temperature. 

Belou I prepares hydrogen by causing steam (preferably super¬ 
heated) to pass over rc<l-hot iron in retorts. Hydrogen and oxide of 
iron are thus formed. The hydrogen passes on to a gas holder for use, 
and the oxide is reduced to metallic iron again by the introduction of 
charcoal dust. This latter operation generates so much heat that the 
retort is again immediately ready for dccomi)osing steam. By using 
a number of retorts and carrying on the two processes of decomposi¬ 
tion and revivification alternately, the production of hydrogen may 
be made continuous. Suitable provision is made for the removal of 
the carbon monoxide and dioxide formed during the revivification. 

IIighly-lieate<i lubes of refractory earthenware, partly filled with iron filings, and 
in which a partial vacuum has been previously produced, are used by Oettli (British 
Patent 10,759, Sept. 4, 1885). A certain proportion of hydrogen is added to the 
Bteam, and this, together with the action of the iron filings, is claimed to tend to 
destroy the equilibrium conditions and to prevent the hydrogen formed by thi^ 
decomposition of the steam from re-uniting with oxygen. This effect is said to bo 
promoted by the reduced pressure in the tubes, and by the loss of heat due to the 
splitting up of the aqueous vapor. From the tubes the gases pass through separators 
to gas holders. 

, Vignon’s apparatus § consists of a set of retorts containing iron 
oxide. A reducing gas is led from a gas producer, through a suitable 
purifier, into the retorts for the reduction of the iron oxide. The heat 
formed thereby is utilized for the regenerative heating of the air 
blast for the producer. The heat of the hydrogen gas produced is used 
for superheating the steam. A set of four valves can be manipulated 

• French Patent 453,077, Jan. 11, 1913. 

t J. S. C. I., 1914, 256, and British Patent, 28,390, Dec. 9, 1913. 

J British Patent 7618, May 25, 1887. 

i JBpt Addition, dat^ Dot. 27, 1907, and French Patent 373,271, Jan. 2, 1907. 
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by a single handle, allowing the regulating and reversing of the differ¬ 
ent gas currents. 

The process of Gerhartz * consists in blowing steam through a 
molten oxidizable metal, and subsequently reducing the oxidized metal 
for further use. Molten iron, for example, is introduced into a vessel 
lined with refractory material and provided with a perforated false 
bottom somewhat after the manner of the Bessemer converter. Steam 
under pressure is blown into the space below the false bottom and is 
decomposed while rising through the molten iron; the hydrogen pro¬ 
duced is led off through a suitable pipe, and the heat carried by it is 
utilized for generating steam. The fluidity of the molten iron is 
gradually diminished, and after a time the supply of steam is stopped, 
coke is introduced and the melt is blown with air in order to reduce 
the iron oxide which has been formed and thus restore the fluidity of 
th(^ molten mass. 

A process brought forward by The Nitrogen Co.f involves reacting 
with steam on a molten or heated metal havihg a strong affinity for 
oxygen, which is thus absorbed. After collecting the residual hydro¬ 
gen, the metallic oxide produced is made to dissolve or disseminate in 
a body of fused salt in which it is brought into contact with a suitable 
reducing agent, the reduced metal being continuously returned for 
re-oxidation in the process. 

Illuminating gas, water gas or other gas containing free hydrogen, 
according to Jaubert,t is passed through retorts packed with briquettes 
formed of iron oxide with a refractory substance and a catalytic agent, 
the retorts being heated to 800° to 900° C.I Steam is afterwards 
passed through the retorts at the same temperature, yielding hydrogen. 
The briquettes are preferably composed of a mixture of 30 to 60 kilos 
of iron oxide (EcjOs or FejOi), 15 to 25 kilos of fire clay or pumice, 15 
to 25 kilos of calcined magnesia and 5 to 15 kilos of the oxide of lead 
copper, chromium or manganese. 

Ttic decomposition of water into hydrogen and oxygen by the action of con¬ 
centrated solar rays in presence of finely-divided iron and apparatus for effecting 
this is described by Claver. § 

In the manufacture of hydrogen by alternately passing .steam over 
iron, and water gas over the iron oxide thus formed, Caro i has devised 
a system by which portions of the water gas are burned in different 

* German Patent 226,543, June 23, 1909. 
t British Patent 17,666, Aug. 3, 1911. 
t Jaubert, French Patent 418,312, Sept. 23, 1909. 

§ British Patent 21,468, Nov. 12, 1895. 

II German Patent 8^,269, Aug. M, 1910. 
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parts of the reaction chamber, so that in addition to the reduction of 
the iron oxide, a superheating of the reduced iron is effected. It is 
claimed that by working in this manner, the gas-making period can be 
considerably prolonged. 

Steam and hydrocarbons (such as those derived from iron carbides) 
are passed over red-hot iron which has been mixed with (preferably 
5 to 10 per cent of) copper, lead, vanadium or aluminium, either to¬ 
gether or separately. These metals according to Saubermann * cata- 
lytically accelerate the reaction between steam and iron, and also 
decompose the hydrocarbons. 

The action of mixtures of carbon monoxide and hydrogen on iron 
oxides is discussed by Gautier and Clausmann.f They passed a 
mixture of 3 volumes of carbon monoxide and 1 volume of hydrogen 
at 500° C. over the ferroso-ferric oxide derived from the calcination 
of a native ferrous carbonate. The substance formed contained about 
7 per cent of carbon, and 93 per cent of ferrous oxide and iron carbides 
in approximately equal proportions. When steam was passed over 
this substance at 400° C!., a gas was obtained containing 90 per cent 
of hydrogen and 4 per cent of methane. Over iron (reduced from the 
oxalate spread over pumice) at 1250° C. was passed a mixture of 2 
volumes of carbon dioxide and 1 volume of hydrogen. The issuing 
gas, besides 23 per cent of carbon monoxide and 70 per cent of hydro¬ 
gen, contained 0.15 per cent methane. 

Messerschmitt J recommends as a contact material a mixture of 
spongy iron and manganese, cobalt or nickel. The mixture may 
be made by adding the other metal to the spongy iron and is used in 
powder form or molded into briquettes, or natural ores containing 
these metals may be used. This mixture has the advantage of not being 
easily poisoned and may be worked at a lower temperature. Man¬ 
ganese is of special value if a gas containing carbon is used in the reduc¬ 
tion stage, for manganese dioxide in the presence of carbon, oxidizes 
the latter. Superheated steam is passed through the reduced mass 
and generates hydrogen. § 

One form of the apparatus is shown in Fig. 81a. 

A shaft furnace for production of hydrogen from iron and steam is described by 
Messerschmitt 11 in which the annular reactioii chamber is divided into sections by 
vertical projections from the walls or by partitions. 

* British Patent 401, Jan. 6, 1911. 

t Compt. rend. (1910), 15*. 355. 

t U. S. Patent No. 1,109,448, Sept. 1,1914; J. 8. C. I., 1914, 962; see also French Patent 
No. 461,480, 1918: J. S. C. I., 1914, 201. 

S See,al 80 U. S. Patent No. 1,152,197, Auk. 31, 1916; British Patent No. 12,117, 1912; 
J. S. C, A, 1912, 1079; German Patent No. 291,603, Aug. 7, 1913; Chom. Abs., 1917, 983. 

ttfiifitoan Patent No. 291.902. Feb. 12,1914; J. S. C. I., 1916, 927; Chem. Abs., 1917, 
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Another method by which Messerschmitt * generates hydrogen is as follows: 
The charge of the reaction chamber consists of spongy iron supported on and mixed 
with compact iron. See Fig. 816. The supports may consist of plates, grids or 
screens of iron, upon which is placed iron ore or similar material mixed with short 
iron bars or other pieces of iron. The charge thus consists of alternate layers of 
compact iron and spongy iron. In case of melting of the spongy iron the spaces 
still kept open for the flow of gas and when it becomes necessary to remove the 
charge, each plate of iron carrying the spongy iron can readily be removed. 

In another modification, Messerschmitt f arranges the material in an annular 
space bounded externally by a refractory furnace wall and internally by a refractory 
core or checker-work contained in an iron cylinder. By having the reaction mass 
arranged in a narrow annular column around a central combustion chamber,! 
With a given lateral thickness of material in the column, the ratio between heat- 



absorbing retort surface and quantity of material is the same whatever the dimen- 
.sions of the apparatus. Using relatively thin layers of reaction material, a uniform 
circulation of the various gases through the material is attained more readily than 
with a retort of large cross-section and on account of the combustion chamber being 
within the reaction chamber, heat re.diation losses are minimized. Fig. 81c indi¬ 
cates the form of apparatus used. 

An elaborated form of Messerschmitt apparatus is shown in Fig. 81d. § 
A pair of concentric cylinders, each open at one end, are arranged in 

•U. S. Patent No. 1,109,447, Sept. 1, 1914, J. S. C. I., 1914, 962. 

t British Patent No. 18,942, Aug. 20, 1913; U. S. Patent No. 1,152,196, Aug, 31,1915; 
J. S. C. I., 1914, 693. 

! Messerschmitt, U. S. Patent No. 1,225,263, May 8, 1917; Chem. Abs., 1917, 2142 
Sec also German Patent No. 268,339, of 1912; J. S. C, I., 1914, 137; 1917, 695. 

5U. S. Patent Nos. 1,226,262 and 1,225,264, May 8, 1917; Chem. Aba., 1917, 2141; 
J. e. C, I„ 1917, 595; French Patent No, 44.1,015, 1912. 
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the furnace chamber. The ring-shaped space formed between the two 
cylinders serves to receive the ferrous charge. The furnace space 
surrounding the outer cylinder and that inclosed by the inner cylinder, 
are provided with brickwork checkers. 

Messerschmitt * subjects the reaction mass to combined external and internal 
heating in a modification of the furnace above dcscrilied. Messerschmitt t also 
uses a reducing gas comprising a mixture of air and gas produced out of contact with 
the reaction mass and partly bumt.J Messerschmitt § in still another process pro¬ 
duces hydrogen by the alternate reduction and oxidation of iron ores, etc., from 
iron by means of reducing gases and steam. The healing is cfTccted by a gas of low 
calorific power, and ilie reduction by a gas of higfi calorific power. 

Nfther and Noding || describe the following process of generating hydrogen* 



Steam free from air is superheated to about 1000® and passed successively over 
copper and iron, in a retort heated to about 800® C. To regenerate the metals from 
the oxides produced, the undccomposcd steam from the retort is converted into 
water-gas, which is passed first over the copi>er oxide. The gases from the retort 
are led again into the water-gas generator to reduce carbon dioxide to monoxide 
•and this circulation is continued until the reduction of the metal oxides is complete 
and carbon dioxide is no longer formed, whereupon steam is again led through the 
retort to produce hydrogen. Since one volume of carlion dioxide yields two volumes 
of monoxide, the water-gas generator is provided with a valve by means of which 
certain proportion of the gas can be withdrawn to be used as fuel, Nfiher and 

• British Patent No. 17,692, Aug. 1. 1913; Chem. Abs.. 1915, 359. 
t British patent 17,691, Aug. 1, 1913; J. S. C. I., 1914, 593. 
t See French^Patent No. 461,624, of 1913; J. S. C. I., 1914, 313. 

S British Patent No. 17,690, Aug. 1, 1013; Chem,'Aba., 1915, 359. 

11 G^an Patent No. 279,726. Aug. 7, 191.3; J. S. C. I., 1915, 356. 
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NBding * in carrying out this process heat the metals to at least 400“ C. and the 
steam to at least 200“ C. The metallic oxides produced are again reduced to metal 
at a temperature of at least 400“ C. In the production of the reducing gases, coal, 
wood charcoal, metallurgical coke, gas coke, or soot, may be used as source of carbon, 
and small quantities of air, carbon dioxide, producer gas, water gas, or illuminating 
gas may be added to the steam; the reducing gases are produced at a temperature 
of at least 400“ C. 

In connection with their process of producing hydrogen from steam and iron cut¬ 
tings, Naher and Noding -f prepare cuttings by turning from cast iron with a steel 
tool held at an obtuse angle to tbe surfaM of the cast iron. In this way amorphous 
iron is obi ained, consisting of thin, overlapping, very small flakes, which offer great 
surface for the action of the steam. Retorts charged with this form of iron may 
be more quickly hctilcd and ksts free space is left between the partides of the charge, 
thtin i.'^ the case witli other forms of charge. About six times more iron may be 
charged into the same space by using this product, and correspondingly more hydro- 



Fio. 81c. 


gen is generated. Furthermore, the charge retains its form for at last a week, at 
1000“. "The furnace is heated by oil and the water gas or generator gas is gene¬ 
rated at a high temperature. 

Naher and Noding J construct apparatus for the production of hydrogen from 
iron and steam by arranging a number of interchangeable cylindrical iron retorts 
Btround a tar-oil flame, in a cylindrical furnace. The waste gases are discharged at 
the bottom of the furnace to avoid losses of the atomized oil. Gas can be generated 
after an hour’s heating. 

Spitzer § uses producer gas to heat iron oxide in a generator and then 
reduces the iron material with water gas. The producer gas is mixed 
with an excess of air which tends to remove sulphur and carbon from 
the spongy iron. The same apparatus is used to generate both the 

•German Patent No. 286,900, June 13, 1914. Addition to Gorman Patent No. 
279,726; J. S. C. I.. 1916, 177. 

t German Patent No. 289,207; Chem. Abs , 1910, 2508; J. S. C. I.. 1916, 638. 

t German Patent No. 290,657, Dec. 1, 1914; J. S. C. I., 1916, 602. 

§U. S. Patent No. 1,118,595, Nov. 24, 1914; aoe British Patent No. 6,165, of 1914; 
Chem. Aba., 1914, 920, and 1915, 29, 
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producer gas and water gas. After the iron is reduced superheated 
steam is passed through the mass and hydrogen produced. The waste 
gases are used to superheat the steam. In Fig. 8Ie a gas producer is 
shown on the right and an ore chamber on the left. Intermediate these 
two shafts is a purifier which is adapted to hold back dust carried by 
the gases coming from the producer. 

Schaefer * produces hydrogen from steam in an apparatus which con¬ 
sists of a core of coarse material such as iron bars, stones, etc,, while 
the outer portion of the contact substance consists of finer pieces of 


f H 



iron. It is claimed that by this method a more equal distribution 
of heat is obtained than would be were all the particles of the same size. 

Fig. 81/ is a view of the hydrogen generator, b and being the coarse and fine 
iron material respectively. A layer of stones, a and a,, are placed at the top and 
bottom to better utilize the heat generated and to give an advantageous control 
over the reactions which take place. 

Schaefer f observes that the combustion of gas of high calorific 
value must take place with an excess of air, in order to avoid serious 

* U. S. Fatent.Xo. 1,144,730, June 29, 1915; British Patent No. 16,140, 1914; Chem. 
Abs., 1916, 98;. German Patent No. 291,022. July 15, 1913; J. S. C. I., 1915, 834; Chem. 
Aba., 1917, 873. 

tU.'S. Patent No. 1,172,908, Feb, 22, 1916. 
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drawbacks. If sucli a licating gas, for instance water gas, is burnt 
for the direct heating of iron, with only the. quantity of air theoretically 
sufficient, local superheating is easily produced in the gas generator, 
which results in a sintering of the pieces of iron with which the flame 
first comes into contact. 

According to Schaefer, for the purpose of avoiding the drawbacks in question, 
the gas of great heating power is burnt, during the first heating of the iron, with an 
excess of air as to insure a perfectly uniform heating of the iron charge. As the 
heating gas, water gas is employed, this requiring for its complete combustion 2.4 
times its volume of air. If, however, water ga.s is burned in the generator and this 
proportion of air is exactly maintained, Schaefer states thjit local superheating results, 
with the adverse consequences afxjvc dcscribcil. If on the other hand an excess of 
aljout 25 per cent over the theoretically correct quantity of air is used, i.e,, ,? cubie 
meters of air to 1 cubic meter of water gas, local sui>erhcating is stated to be avoided 
and the charge of iron is heated in a uniform manner. 

A hydrogen generator described by Schiwfer • is provided at the bottom with a 
conical grate below which is a closed heating chaml)er. A larger number of 
nozzles or slits can be obtained with a conical than with a flat grate, thus ensuring 
finer division of the hot gases. The emptying of the shaft is ako easier as the conical 
grate guides the material to the lateral outlets. Schaefferf states that in an installa¬ 
tion for the y)roduction of hydrogen by the treatment of iron alternately with steam 
and with a reducing gas previously cooled and purified, the capacity of the apparatus 
m which the reducing gas is produced and of the cooler and purifier connected there¬ 
with, should be so adjusted that the gas may be supplied direct to the hydrogen- 
[)roducing apparatus, the working [jreasOTe being regulated according to the vary¬ 
ing back pressure in the section of the plant in which hydrogen is generated and puri¬ 
fied. One or more elastic gasholders, placed underground, arc interposed between 
the hydrogen generator and the compressing apparatus to receive excess of hydrogen 
and supply it to the compressing apparatus when the output of the hydrogen gene¬ 
rator is curtailed. 

Dempster { produces hydrogen by the action of steam on oxidizable material, 
with alternate reduction by a current of reducing gas (water gas). A pressure- 
regulating device is provided to prevent leakage of reducing gas into the hydrogen 
or steam connections, by ensuring a higher pressure in these than in the reducing 
gas mains. A vessel is divide* into two intercommunicating compartments which 
contain water; one compartment is in connection with the water-gas inlet main 
and is provided with an overflow passage, while, in the other compartment, water 
forma a seal between the hydrogen outlet main and the hydrogen scrubber. Any 
increase of pressure in the water-gas inlet main, acting upon the surface of the water 
in the first compartment, increases the depth of seal in the second compartment 
and necessitates therefore a corresponding increase of pressure in the hydrogen outlet 
main, and in the supply of steam. 

R. and J. Dempster, Ltd. (Manchester, England), furnish hydrogen¬ 
ating equipment similar to that shown in Fig. 81?. The plant con- 

• German Patent No. 290,529, May 3, 1914; J. 8. C. I., 1916, 602. 

t J. S. C. I., 1916, 538; German Patent No. 289,208, April 1, 1914. 

t British Patent No. 16,893, July 16,1914;'J. 8. C. I.. 1914,1046; Chem. Abs., 1916, 258. 
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sists of a blue water-gas equipment, water-gas holder, rotary exhauster, 
steam engine and purifiers, a hydrogen bench (generators) hydrogen 
scrubber and purifiers and a hydrogen holder. Steam of 60 to 80 lb. 
pressure is used. The retorts of the hydrogen bench arc heated by 
means of the blow gases of the water-gas generator. The author is 
advised that the cost of hydrogen of 98 to 99 per cent purity is about 
75 to 90 cents per 1000 cubic feet, with coke at 13.75 per ton. 

The diBintegration of iron ore caused by the manner of charging it into the retorts 
(where it is subjected alternately to the action of reducing gases and .steam) is claimed 
by Dempster* to be obviated by providing the retort wit.h a perforated platform or 



plate, which is mounted on a vcrtiiial shaft and can be raised and lowered from top 
to bottom of the retort for charging and discharging. The movement is guided 
by projections on the internal walls of the retort, and the platform can be revolved 
•as well as moved vertically. 

A method for the treatment and utilization of gases supplied to the furnaces of 
hydrogen retorts is described by Ballingall (R. and J. Dempster, Ltd.jf according 
to which, spent water gas from a hydrogen-retort plant is preheated in a regenerator 
and passed through the reaction zone of a gas producer. The dissociated gas is 
burnt together with producer gas in the region of the retorts with a deficiency of air 
so as to form a reducing atmosphere at that point. On leaving this region any 
unb'imt gases are consumed by a further addition of air and give bp a portion of 

* British Patent No. 104,115, Aug. 12, 1910. 
f BritishPatent No. 100,007, Jnn. 0, 1917; J. S. C, I., 1917, 030. 
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their heat to the incoming spent water gas in a continuous counter-current regen¬ 
erator. 

Bosch * in the production of hydrogen from steam and iron ore uses 
three or more furnaces. One of these contains the iron, the other two 
are preheaters. 

The reducing gases are generated and then pa.ssed through the iron ore which is 
partially reduced, the reduction using up part of the ga,s. The waste gas is mixed 
with air and passes into the second preheater where it is burned, thus heating the 
furnace. When reduction is complete, steam is passed through the first furnace 
where it is superheated and then through the reduced iron mass when hydrogen is 
generated. In the second cycle the reducing gas is produced in the second furnace, 
then passed through to the iron ore and the waste gas burned in the first furnace. 



The cycle is then complete and all furnaces arc in same state os when the operation 
was first started. Fig. 81/( sliows the three-shaft furnaces employed. 

Dicke t generates hydrogen by the action of steam on scrap from the various 
departments of an iron and steel works, and the resulting iron oxide is utilized in the 
felast-furnace or open-hearth furnace. The apparatus is constructed of a refractory 
chamber surrounded by a tight metal jacket. The chamber is divided into separate 
compartments by refractory walls. The compartments are arranged with valves, 
etc., so that they operate independent of each other. They are charged with iron 
ores or scrap iron and operated in the usual manner. J The apparatus used by Dicke 
is shown in vertical section in Fig. 81i and in horizontal cross section in B'ig. 81j. 

According to Mazted and Ridsdale § hydrogen prepared by passing 
steam over heated iron previously reduced from its oxide in a current 

* U. S. Patent No, 1,102,716, July 7. 1914. 

t German Patent No. 2H0,964, Aug. 14.1913; Chem. Abs., 1915,1531, J. S, C. I., 1915, 
492; Chem. Abs., 1915, 1099; U. S. Patent No. 1,129,559, Feb, 23, 1915. 

t See British Patent No. 29,390, 1913. French Patent No. 465,474, Nov. 28, 1913. 

§ British Patent No. 12,698; Sept, 4, 1915; J. S. C. I., 1916, 1060; Chem. Abs., 1917, 
538. 
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of water gas, or other commercial reducing gas, contains considerable 
quantities of carbon monoxide, due to the deposition of carbon during 
the reduction and its subsequent oxidation, by the steam. 

Hydrogen free from carbon monoxide is obtained by employing for the reduction 
of the iron oxide a reducing gas containing substantially more carbon dioxide than 
carbon monoxide, a suitable ratio being 2:1. This may be obtained by adding 
carbon dioxide to water gas, or by suitable modifications in the manufacture of the 
reducing gas, but dilution of the gas with nitrogen (c.g., by partial combustion of the 
gas with air) or by steam must be avoided. The jtrescnce of carbon dioxide in the 
reducing gas prevents the deposition of carbon during the reduction of the iron 



J. Pintsch Akt. Ges. t employ pyrite cinder in the manufacture of hydrogen from 
steam. A ferrous silicate is formed as a result of the reduction of the acid gangue. 
Such ferrous silicate is quite fusible, acting as a slag and the material is rendered 
inactive by surface glazing. This disadvantage, as well as the stoppage of the gas 
.passages when basic ores containing limestone are used, is obviated by the employ¬ 
ment of compressed artificial stones of iron oxides or carbonates on the one hand, 
and of oxides or carbonates of magnesium, barium, strontium or calcium-magnesium 
oxides which possess the requisite porosity. 

In a hydrogen generator f operated with iron as the active material, water gas 
and air are conducted into a shaft filled with iron oxide to preheat and reduce the 

* See also Danish Patent No. 22,122, May 7, 1917; U. S. Patent to Maxted, 1,263,622, 
Jan. 15, 1918; Chem. Abs., 1917, 2030, and 2721; 1918, 749, 

t French Patfent No, 460,739, Dec. 30,1913; Chem. Abs., 1915,1376, 
t German Patent No. 283,160, Got. 31, 1913, J. Pintsch, Akt.-Ges,; Chem. Abs., 
1916 , 2640 . 
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oxide, and then atcam is introduced. The water Ras so used is preheated in a pre¬ 
heating system wherein the heat from the heating period of the generator is utilized. 

According to a process of Hoc. L’ Hydrogene * the heating gases, before coming 
in contact with the ferrou-s material, are passed through a layer of refractory material 
which serves as a heat accumulator. Any excess of reducing gases leaving the reac¬ 
tion chamber is burnt in a heat recuperator, and the heat utilized to preheat the 
steam passed in during the subsequent oxidizing stage. Methods to prevent accumu¬ 
lation of oxidizable impurities introduced into the ferruginous mass by the gases 
employed for heating and reducing are also described, f 

JaubertjJ proposes a process in which steam is decomposed by metallic iron, 
and the resulting iron oxide reduced again to the metal by purified water gas (free 
especially from sulphur compounds) which effects the reduction, at a relatively low 
temperature, chiefly at the expense of the carbon monoxide present, so that the 
reaction is almost entirely exothermic. The material to be treated is contained 
in a series of (preferably three) vertical retorts, which are provided with pipes at 
either end; the pipes at one end communicate through four-way taps with supplies 
of steam or purified water gas, and those at the other end of the retorts with the 
hydrogen receiver or with a residual gas chamber, from which the spent reducing 
gas (still rich in hydrogen) is distributed to burners projecting within the masonry 
jackets of the respective retorts. Further external heating is unnecassary. 

Hooton § proposes to treat metallic sulphides and sulphide ores, espe¬ 
cially iron pyrites, with steam at 750® to 1000°, the products being 
porous oxides comparatively free from sulphur, and a mixture of hydro¬ 
gen, sulphur, water and sulphur dioxide. 

The hydrogen is purified, the sulphur being separated during the purification. 
The pyrites are fed into a retort into which steam is blown. Sulphur condenses 
in the upper part of the retort and collects in a seal. The gaseous products pass 
through a hot chamber containing bog iron ore or porous iron oxide obtained by 
the operation, to induce reaction between hydrogen sulphide and sulphur dioxide, 
then through a chamber in which sulphur condenses in powder form, then through a 
cooler preferably containing cold bog iron ore to remove the last traces of hydrogen 
sulphide and finally through water to remove any sulphur dioxide. The steam 
may be superheated electrically. To reduce the quantity of water, the gases may 
1 m cooled quickly after leaving the retort. 

Hydrogen gas or a mixture of hydrogen and carbon monoxide is produced by 
Tully II in the following manner: In the lower part of a eylindrical apparatus is a 
combustion chamber in which a reducing gas is made by blowing air, or air and 
steam, into incandescent fuel. This chamber extends upwards into a fuel supply 
chamber, which is surrounded at its lower part by a reaction chamber containing 
iron ore in direct communication with the combustion chamber by means of holes 
and passages. Surrounding the upper part of the fuel supply chamber is a steam 
superheating chamber through which the oxidized gases pass, and which is pro¬ 
vided with a valve controlled outlet. After the iron ore has been reduced, the sup- 

* J. S. C. I., 1915, 1054, French Patent No. 474,446, July 1.1914. 
t French patent 472,373, May 19, 1914. 
t French Patent No. 476,901, May 14,1914; J. S. C. I., 1916, 635. 

5 British Patent No. 18,007, July 30, 1914; Chem. Abs., 1916, 327. 

II British Patent No. 16,932, 1915; J. S. C. I., 1917, 640. 
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ply of reducing gas is out off, the outlet pijK* is closed, and steam is admitted through 
a pipe at the top of the apparatus; this passes ihrougli the superheater and over 
the iron, the hydrogen l>oing either tapped through a i)i})e just below the reac.tion 
chamber or passed through the iiutaiidesctuit fuel and led away through a pii>e at. the 
bottom of it. Steam or licpiid hydrocarbon may be injected directly into the com¬ 
bustion chamber at a point situated between it and the reaction cham])er. Air 
may be admitted at the l)ottom of the sui>erheaier to burn the carbon monoxide, 
and tlic lieat of combustion utilized to maintain the temperature 

Paraffin hydrocarbons may be dehydrogenated i>y passage over ferric oxide 
heated to 580® to 750® 0. yielding olefines, terpenes and aroinatie hydrocarbons 
according f,o Ramage.* The ferric oxide is rt'duwd to fern)us oxide, usually oon- 
taining some iron. The reduced charge may Ihj regenerated by blasting it with 
steam at about 150® C. In the course of this regeneration, hydrogen is produced, 
which Ramage observes may be eollccted and used ftjr hydrogenation purposes. 


Multiple Retort System f 

The apparatus provided for operating this process consists of a 
combustion cliamber containing a number of vertical retorts, the 
charaljcr being provided with a gas producer. A combustible gas is 
delivered from the producer and burned by means of secondary air in 
the combustion chamber around the outside of the retorts, the products 
of combustion passing away through reiniperators to a stai^k. The 
retorts arc charged with iron ore of projier grade, and sufficiently 
porous in itself and of proper sized lumps to allow of a more or less free 
passage of gas. It is necessary that the greatest pos,sible surface of ore 
be oxpo.sed. In conjunction with the retort furnace a blue water-gas 
generator is provided for the manufacture of the reducing medium. 
The blue water-gas generator consists of a round shell lined with fire 
brick in which coke or hard coal is charged, and provided with air blast 
and steaming connections. The blue water gas is passed to a holder 
and from the ho’dcr to the hydrogen retort furnace. In operation the 
blue water-gas holder is filled, the hydrogen retorts brought up to 
heat, and by means of suitalile valve connections the steam and blue 
water gas are alternately passed through the retorts, the resulting 
hydrogen passing to a holder and the products of combustion passing to 
the atmosphere. In practice the iron ore in the retorts may be either 
the ferric oxide, Fe 203 , or the ferroso-ferric oxide, FC 3 O 4 . In either 
case the reduction will be back to the ferrous oxide, FeO, only a very 
slight percentage if any of the iron being reduced to the metallic state. 
The apparatus lasts indefinitely with the exception of the fire-clay lining 
in the bhie-g^ generator, which has to be replaced occasionally, and the 

• U. S. Patent No. 1,224,787. May 1, 1917. ' 

,4 Modified Lane Prooess of Improved Equipment Co., New York City. 
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rotorts ill tlio hydrofoil furnmio. 'rhiisd ri'IoHs lu'd usually mado of 
casl. stool, whioh sooiiis to Ix' as siitisfacl.ory as any inatorial which has 
boon usod. Cast-iron retorts have biHin used wit h more or loss success. 
Tho destruction of the hydrogen rotort.s apfioars to commence on their 
outside diameter, working inward more rapidly than from the inside 
outward. ' It is obvious that they should fail in this manner as the com¬ 
bustion surrounding the outside of the retorts continually cuts into 
them, whereas absorption by ferrous oxide of oxygen takes place more 
rapidly than the absorption of oxygen by metallic iron, and the entire 
charge of ferrous oxide is changed to the ferric condition before there 
has been time for the walls of the retorts to be seriously attacked by 
the oxygen of the steam. 

Bergius * dc,scriboB .t. process of continuously generating pure hydrogen from iron 
and water at a low temperature, from 200° to .300° C. The liydrogen is collected 
in the generator it.self in a high state of eompres-sion and am be charged direct into 
cylinders. An example of his proeeas is ns follows: 50 kilograms of iron shavings and 
205 kilograms iron protoxide and 50 kilograms of water are heated to 300“ G. in a 
cIo.Bcd iron vessel. When the pressure reaches 150 atmospheres tho release valve 
ir ofxmed ju.st enough to allow the gas to escape as fast as liberated and to thus 
maintain the initial pressure. From the above charge 1 eubio meter of hydrogen is 
given off the first hour. This rate is maintained until about one-half tho av.ailablo 
gas is evolved, then tho rate is somewhat slower. Common s-alt, iron chloride or 
small q>iantilie.s of hydrochloric acid accelerate the reaction, and, in addition, if 
copper, nickel, or platinum, etc., are placed in the mass, the reaction is aeeelerated 
still more and maintains its activity until the iron is converted almost entirely 
into h’cjfh. 

One form of generator consists of a pressure vessel within which is a central 
heating tube and around the latter a series of reaction tubes, each of which can Ix! 
brought in turn below a feed opening in the cover of the pressure vassel. 

Posen and Bergius f employ a somewhat similar method for the production of 
hydrogen by the action of water on metals in a closed vessel. The reaction is 
effected at a temperature below the sintering point of the metal or the solid reac¬ 
tion products, preferably below 500° C, Pure hydrogen is thus obtained in a 
highly compressed condition, and the yield is nearly quantitative. The addition 
of electrolytically conducting salts such as sodium chloride is stated to be ad¬ 
vantageous. 

The decomposition of water by incandescent iron, as also the reduction of the 
resulting iron oxides by the redueing gases requires a certain temperature of the con¬ 
tact material, which is usually maintained by the continued heating of the furnace 
containing the iron material, or by passing therethrough hot combustion gases. As a 
result of the latter practice, the employment of a highly heated gas may occasion 

*U. 9. Patent No. 1,059,818, April 22, 1913; Gcman Patent No. 277,501, Nov. 30, 
1913, addition to German Patent No. 254,593; French Patent No. 447,080, of 1912; 
J. 9. C. I., 1915, 229. 

t German Patent No. 286,961, Nov. 21,1913; addition to German Patent No. 254,593; 
J. a C. I., 1916, 177. 
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caking of the oontiuit material with oonHequent loss of rainfjuM. surface and reduction 
in the yield of hydrogen. By a pnx^-ss recommended by the Berlin Anhaltische 
Maschinenbau Akt. Ges.* the required tcmj)erature of the oontaet material is main¬ 
tained by oondueting air through the mass between every double period of reduction 
and oxidation. In this way heating gas is saved, overheating of the iron charge 
i.s avoided, the heating period is materially shortened, and the capacity of the plant is 
increased. The process is dependent upon the observation that a complete oxida¬ 
tion of the iron material by the steam passed thereover never practically results. 
Always a portion of iron is left in the metallic state or in a lower state of oxidation. 
Hence, after the paa.sage of the steam, a current of air is passed through the maas, 
causing complete oxidation of the iron or of its lower oxides to the higher oxides, 
with the evolution of considerable heat. The heat so generatecl is claimed to la*, 
sufficient to maintain the normal progreas of the reactions. The initial heating of 
the. iron charge is effected by the combustion of gases of high calorific value with 
excess air, while the periodic reheating is accomplished by the passage of air alone, 
thereby preventing fusion of the iron. During the oxidation period the steam is 
introduced highly superheated, f 

♦German Patent No. 294,0.39, May 22, 1933; Chem. Aba., 1918, 410. 

t See also French Patent No. 465,575, Nov. 28, 1913; Chem. Ab»., 1914, 3491. 
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ACTION OF ACIDS ON METALS 

One of the oldest methods of generating hydrogen and one which is 
to-day commonly used in the laboratory and for the production of 
hydrogen on the small scale is that of acting on metals with acids, 
iron or zinc and sulfuric acid being the materials usually employed. 
The cost of generation in this manner is too high to permit of large 
scale operations except in those cases where hydrogen is obtained as 
a by-product in the preparation of metallic salts. Accordingly this 
method of hydrogen generation will be considered only very briefly. 

Carulla endeavors to prepare alkali salts, hydrogen and iron oxide, 
the gas being generated by the action of hydrochloric acid on iron. 
Instead of using water alone for the absorption of hydrochloric acid 
in the Le Blanc process, some or all of the receivers or towers are 
packed with scrap iron or mild steel, ferrous chloride being thus formed 
and hydrogen evolved. The chloride is then converted, by precipita¬ 
tion, into iron oxide * and, since very dilute solutions are preferable 
for this purpose, the absorption of the last traces of hydrochloric 
acid is rendered very easy by this process, the ferrous liquor plant 
being conveniently placed at the end of the system, and hydrochloric 
acid of high strength being produced, if desired, in intermediate parts 
of the plant. 

According to Barton j dilute sulfuric acid is allowed to act on zinc 
and the zinc sulfate solution produced is filtered and mixed with a 
solution of sodium carbonate or bicarbonate, thus giving a precipitate 
which is separated, washed and dried, and sodium sulfate which is 
also recovered. 

The insoluble zinc precipitate is proposed as "an excellent substitute for oxide 
of zinc used in the paint and rubber industries." The apparatus claimed consists 
of a generating vessel, communicating with an acid tank by a feed pipe and a return 
pipe, and also with a gasometer and a mixing tank, the latter receiving the zinc 
sulfate solution from the generator and sodium carbonate solution from another 
vessel and communicating, in its turn, with a centrifugal separating and washing 
apparatus. The generator may be fitted with electrodes for the production of 
electrical energy. 

* e. g., as in British Patent 27,302, 1908; J. S. C. I., 1909, 1126. 
t British Patent 28,534, Dec. 8, 1910. 
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An apparatus arranged to generate electrical energy when zinc is being dis¬ 
solved in sulfuric acid to produce hydrogen is set forth by Eastwick (British Patent 
10,228, April 27, 1911). The apparatus, which is intended specially for the gener¬ 
ation of hydrogen by the action of zinc on dilute sulfuric acid, consists of a gen¬ 
erating chamber, with false bottom, on which rests the metal to he acted upon, 
and a liquid-collecting chamber situated below. The acid is delivered by gravitation 
into contact with the metal at a point near to, but above, the false bottom, and the 
salt solution produced runs through into the collecting chamber. An electrode 
may, if desired, be immersed in the liquid, within or below the reaction chamber, .so 
that the apparatus may serve also as an electric cell. An ap|)aratus described by 
way of example comprises superposed chambers contained within a single casing, 
the uppermost (containing zinc) and the intermediate chamber being provided 
with porous or perforated false bottoms. Acid is conducted to the first chamber by 
a pipe which roaches down through the upper layers of zinc into a cage having lateral 
perforations, and any excess of pressure forces the acid back in the supply pipe, but 
the zinc suFate solution produced percolates into the lowermost chamber. A zinc 
rod or plate, to act as electrode, is placed above the false bottom in the first chamber 
and a copper electrode in the intermediate chamber, so that, with the descending 
liquid, an electric cell, suitable for electro-plating work, etc., is produced, this also 
ensuring the decomposition of any free acid in the spent liquid. 

Hydrogen gas is obtained by Pratis and Marengo * by acting upon 
iron filings and water by gradual additions of sulfuric acid of 50° B6., 
cquitl parts by weight being taken of each. The hydrogen produced 
is conducted first through water, then through a solution of a lead salt, 
and through a device containing diaphragm.s of wire gauzt?, to a gasom¬ 
eter, whence the gas traverses an insulating water valve, an clastic 
chamber and a second device similar to the first, when it is taken by 
branch pipes to the place of utilization. The arrangements described 
permit of the gas being produced under considerable pressure. 


To overcome the difficulties in the way of generating hydrogen from sulfuric 
acid and iron, Pratis and Marengo (British Patent 15,509, June 29, 1907) propose 
to employ the following approximate pjoportions, by weight; 

Broken iron, 5 parts; water, 5 i)arts; 50° B6. sulfuric acid, 5.8 parts; those being 
found to produce a pasty non-caking residue, easy to remove from the apparatus and 
to work up for the manufacture of ferrous sulfate or Nordhausen sulfuric acid. 

The apparatus consists of a generating cylinder, fitted with a valve for discharg¬ 
ing the residue. The acid and water are run in on to the charge of iron from reser¬ 
voirs at a higher level, the supply valve being controlled by the bell of the gas holder, 
and is self-closing when the bell sinks below a certain level; or, if the gas is to be col¬ 
lected in receivers at high pressure, the full charge of liquids may be added at once. 
Purifiers are arranged between the generator and gas holder, and an excessive rate 
of generation is prevented by gas checks, which cause an increase of pressure in the 
generator, whereby the acid is driven back in the supply pipe and the evolution of 
gas diminished. 


British Patent 16,277, July 22, 1890. 
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The reaction which takes place in the spontaneous formation of 
iron rust, 

COj + HjO + Fe + FeCOj + 

may be accelerated by agitation, etc., so as to become a practicable 
method according to Bruno * for the production of hydrogen. Frag¬ 
ments of oast iron or steel or iron 6ling.s were introduced together 
with water into a steel bottle and carbon dioxide was passed in until 
the air was displaced and the liquid was saturated with the gas. 
The bottle was then closed by a steel cover, and placed in an appa¬ 
ratus where it made about 2000 revolutions per hour. There was no 
appreciable change in the pressure inside the vessel, and after 36 to 
40 liours the gas withdrawn from the bottle consisted of pure hydro¬ 
gen. At the end of 20 hours the gas consisted of about two-thirds 
of hydrogen and one-third of carbon dioxide. 

Stuart t describes an apparatus for generating hydrogen by allowing 
acid to percolate through scrap iron. 

The iron is contained in crates which are spaced away Irom the walls of the gene¬ 
rator. The latter may be lined with lead, enamel, etc., to resist the action of the 
acid. A layer of asbestos which is held between two 
perforated discs is placed above and below each crate. 

The acid is introduced under pressure at the top of the 
generator and percolates through the asbestos and then 
through the scrap iron. This asbestos serves as a filter 
for the gas and for the spent acid. Two or more crates 
of iron scrap may be used in each generator. Fig. 81/fe 
shows the construction of the apparatus. 

A .method of utilizing the acid values of sodium acid 
sulphate or bisulphate is recommended by Becquevort 
and Deguide f as follows: A solution of sodium bisul- 
phate of density 20° Be. (sp.gr. 1.16) is added to scrap 
iron in a suitable tank and heated by steam to 90° C. 

The hirerated hydrogen is washed and collected in a 
holder. The resulting solution of ferrous and sodium 
sulphates is treated with an excess of powdered lime, Fio. Slit, 

producing a mixture of calcium sulphate and ferrous 

hydroxide, which is aerated to convert the latter into ferric hydroxide. The mass 
is filter-pressed, and the solution Sowing away is concentrated to 30° Bo. (sp.gr. 
1.26) and Glauber’s salt separated by crystallization. The material left in the 
filter-press is used as a gas-purifying agent. 

Curran § in discussing the electrolytic generation of hydrogen, states that savings 

♦Bull. Soc. Chim. (1907), 1, 661. 

t U. S, Patent No. 1,085,366, Jan. 27, 1914. 

t British Patent No. 107,807, July 11, 1916; J. S. C. I., 1917, 062; Chem. Abs., 1917, 
2947. 

§ Eng. Mining J., 1017, 158. 
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and improvements in service of the electrolytic method over the zinc-sulphuric acid 
method are most marked. The operntinR cost of an electrolytic plant is one-fifth 
that of a zinc-acid plant and there arc no acid-eaten hydrogen pipes or freeze-ups 
in winter. The most economical rate of generation under the conditions employed 
by Curran was at 400 amperes and 36 volts with the temperature at 53“. Camstic 
soda solution of 26° B(;. was used as an electrolyte. Equipment and layout of plants 
are given. 



(CHAPTER XXV 


MISCELLANEOUS METHODS OF HYDROGEN 
GENERATION 

Much attention has been given to the production of hydrogen by 
chemicals, which, when added to water or hydrated substances, would 
liberate hydrogen freely, thus enabling the generation of hydrogen 
at any point without the necessity of setting up elaborate apparatus. 
Powdered aluminium or silicon and alkali, “ activated ” aluminium 
and water, ferrosilicon and calcium hydrate, calcium hydride and the 
like have been proposed under various names such as hydrone, hydro- 
genite, the Hydrik process, etc. Sergius has brought out a novel 
process involving the treatment of carbon or iron with water in a 
liquid condition under very high pressures. The following indicate 
the principal developments in this direction. 

Foersterling and Philipp * generate hydrogen by causing water, in 
a finely-divided state, to react successively with relatively small 
masses of sodium, separated from each other, in the same containing 
vessel, in such a way that the supply of hydrogen is continuous, and 
at a rate that substantially prevents a solution being formed. They 
also propose silicides for the generation of hydrogen.f An intimate 
mixture of equal parts by weight of sodium and aluminium silicide 
(“ sical ”) is prepared by heating the two substances in a kneading 
machine until all the sodium is molten; the kneading appliance is 
then put into operation and kept continuously rotating while the 
mixture cools down, after which the latter is transferred to a press 
and briquetted. One kilo of the mixture, when acted on by water, 
generates about 700 liters of hydrogen, the reaction being represented 
by the equation, 

AljSii -t- 8 Na -1-18 HjO = Alj(OH)8 -1- 4 NasSiOj -1-15 Hj. 

Brindley and Bennie (U. S. Patent 943,036, Sept. 14, 1909) use a mixture con¬ 
sisting of finely-divided aluminium and molten sodium hydroxide, the proportion 
of the latter being between 1 and 3 mols. to 1 mol. of aluminium. Silicon and zinc 
may also be added. 

Brindley (U. S. Patent 909,536, Jan. 12, 1909) treats an alkali or alkaline-earth 
metal, for example sodium, in a finely-divided state, with a crude hydrocarbon oil 

• U. S. Patent 883,531, March 31, 1908. 
t U. S. Patent 977,442, Dec. 6, 1910. 
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or similar substance, which will temporarily prevent oxidation of the metal, and with 
an inert substance such as infusorial earth, and the mixture is compressed into tablets 
or briquettes, which when brought into contact with water will generate hydrogen. 
In order to increase the yield of hydrogen, a metal (aluminium, silicon) which forms 
a hydroxide, the hydrogen of which can be replaced by an alkali or alkaline-earth 
metal, is also incorporated in the mixture. 

Philipp (U. S. Patent 1,041,805, Oct. 22, 1912) generate.s hy[lrogen by the action 
of water on a mixture of metallic sodium and aluminium silicide. The action of 
water on this mixture does not proceed to completion, and the method consists in 
first treating the mixture with water, and then passing the hot hydrogen and .steam 
through a similar mixture which has previously been partially decomposed by 
treatment with water. 

Jaubert * suggests that the hydrogen evolved in such indu.strial 
processes as the production of electrolytic soda, bn collected, deirrived 
of any oxygen present (as by passage over red-hot copp(;r), dried, 
directed into an iron tube charged with calcium in small pieces, and 
heated for some hours to redness. The dark grey calcium hydride 
thus obtained is > preserved in closed vessels. When the hydride is 
brought into contact with cold water, there is a violent evolution of 
hydrogen. 

Bamberger, Bock and Wanz f generate hydrogen from calcium 
hydride which is mixed with substances such as gypsum, sodium bi¬ 
carbonate, soda-lime or boric acid, which contain watcT or carbonic 
acid, but which react only when heated to about 80° C., or a higher 
temperature. 

Gases which are prepared by the action of a liquid upon a solid, for instance, 
hydrogen by the action of water on calcium hydride, arc obtained pure and free 
from the water vapor which is frequently generated by the heat of the reaction, 
in the following manner: The solid is placed in a eonnccted series of separate 
vessels, or in superposed compartments of tbe same vessel, and the liquid is ad¬ 
mitted to the first, or lowest, of the series. The gas given off, along with some 
vapor of the liquid, passes through the next vessel, or compartment, and so through 
the series and leaves the last in a dry condition, the water vapor having been re¬ 
tained by the fresh material. When the first vessel is exhausted it is recharged 
and connected to the end of the series, the second vessel becoming the first. In 
this way the process becomes continuous.! 

Schwarz § describes two simple methods for preparing pure hydro¬ 
gen gas and carbonic oxide. On heating a mixture of zinc dust and 
calcium hydrate gradually in a combustion tube, a constant current 
of pure hydrogen is liberated according to the equation, 

Zn -b CaHjOz = ZnO 4- CaO 4- Hz. 

■* French Patent 327,878, Dec. 31, 1902. 
t German Patent 218,257, March 31, 1908. 
t Jaubert, French Patent 381,605, Nov. 14, 1907. 

S Ber., 19, 1140. 
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On mixing the zinc dust with calcium carbonate in molecular pro- . 
portions and heating as before, pure carbonic oxide gas is evolved 
thus: 

Zn -I- CaCOa = ZnO -t- CaO -b CO. 

In both cases nearly theoretical quantities of gas are obtained. 

Hydrogen is produced by the process of Jaubert * by ignition and 
autocombustion in a closed generator, of a mixture consisting of an 
excess of a combustible substance (metal, metalloid or alloy), capable 
of decomposing steam at a high temperature, an oxidizer or other 
substance to maintain the combustion, and a substance evolving 
steam on heating (which is omitted, partially or wholly, if steam be 
introduced from an external source). 

.Suitable iriixturea, which may be packed in metal cartridges, to be opened and 
placed directly in the generator, arc the following: (a) Powdered iron 20 kilos, slaked 
lime 10, potassium perchlorate 6, (fc) ferrosilicon, with 75 per cent of silicon, 20, 
litharge 10, soda-lime, containing two-thirds of sodium hydroxide 60; (c) ferrosilicon 
20, powdered iron 5, wheat flour 3, lime 5, and potassium chlorate 3. If the ingre¬ 
dient evolving steam be omitted, the generator may be 8urrounde<i by a water 
jacket, the two veascls being connected so that the necessary steam is supplied from 
the latter by the heat of the reaction; a pipe from the generator conveys the gas 
either to the exterior or through a purifying and drying apparatus, to be utilized. 
The generator described is closed by a heavy lid which, for safety, is held in position 
by its own weight. 

The Hydrogenit process of Jaubert t involves mixing finely-powdered 
ferrosilicon with soda-lime to produce a grayish granular mass which 
easily ignites and burns readily even with the exclusion of air, the 
reaction being 

Si -b Ca(OH)22 NaOH = Na^SiOsCaO -b 2 H^. 

From 3 kilos of the mixture, which, by the way, is stable at ordinary 
temperature, about 1 cubic meter of very pure hydrogen is obtained. 
The mixture is pressed to blocks and is shipped in metal containers 
holding 25 to 50 kilos, affording 8 to 16 cubic meters hydrogen in 
about a ten-minute period. The mixture is kindled by a small amount 
of ignition powder or quick-match. Equipments for furnishing 
150 cubic meters hydrogen per hour have been made. The gener¬ 
ators are arranged in pairs, see Fig. 82. 

A ca.8c of hydrogenit is placed in each generator. The cover of the generator is 
put on and clamped in place and the mixture lighted through a closable opening 
in the cover. The generators are equipped with water jackets and the steam pro¬ 
duced by the heat of the reaction is, towards the end of the run, turned into the 

* French Patent 427,191, May 21, 1910. 
t German Patent 236,974. 
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generator, giving a larger yield of hydrogen. The gas is washed and dried. One 
cubic meter of hydrogen made from Hydrogenit costs about 32 to 38 cents.* 

Jaubert (French Patent 422,296, Jan. 14, 1910) has described the following 
modification of the above. Metals such as aluminium or zinc, or their alloys, or 
metalloids such as silicon or carbon, or their compounds, e.g., ferrosilicon, when 
mixed with alkali or alkaline-earth hydroxides in the form of dry powders, yield 
mixtures quite stable at ordinary temperatures. If, however, reaction be induced 
by local application of beat, hydrogen is evolved and sufficient heat is developed 
to cause the propagation of the reaction throughout the mass. A suitable appara- 



Fio. 82. 


hiB consists of a tube closed at one end by a screw cap and having near this end an 
opening (with a screw cap) through which a quick-match or piece of hot iron may 
be introduced to induce the commencement of the reaction. The other end of the 
tube is formed by a perforated plate, through which the hydrogen evolved passes 
into a chamber packed with filtering material, and thence into an annular space 
formed between the tube and a jacket extending nearly the whole length of the latter. 
The hydrogen accumulates in this annular space under pressure, and is withdrawn 
as required through a suitable outlet. 

Ferrosilicon containing 75 per cent of silicon, when heated to a very high temper¬ 
ature is capable of decomposing steam with sufficient evolution of heat to carry on 
the reaction, 

3 FeSie -p 40 HaO = FcjOa -|-18 SiOa -j- 40 Hj. 

(.Jaubert, French Patent 438,021, March 4, 1911.) The reaction may be regulated 
by the addition of hme, which has the further advantage of forming an easily-work- 
able slag. The apparatus comprises a refractory chamber surrounded by a steam 
coil, the delivery end of which terminates in a series of injectors, which admit steam 

* Zeitsch. f. angew. Chem. (1912), 2405, 
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into the chamber; a feeding hopper is provided at the top of the chamber and a door 
for the withdrawal of the slag at the bottom. 

An alkali or alkaline-earth hydroxide, or a mixture of the two, is mixed with 
charcoal and a finely-divided metal or mixture of metals, and the whole is heated 
in a hermetically-sealed vessel, with the exclusion of air, and under diminished pres¬ 
sure. Under the action of the metal, according to Hlavati (German Patent 250,128, 
Feb. 25, 1911) the hydroxide is converted into oxide, and hydrogen and carbon 
monoxide are formed. 

The Siemens & Schuckert Company has worked out a process for 
the production of hydrogen from the reaction between silicon and 
caustic soda solution. Formerly steam was employed, but now the 
heat set free during the reaction is utilized for maintaining the proper 
conditions. The evolution of hydrogen gas takes place when a 25 per 
cent solution of caustic soda acts on .silicon introduced in small quan¬ 
tities. The capacity of a transportable plant is 60 to 120 cubic meters 
per hour, while stationary plants are built for capacities up to 300 cubic 
meters per hour. The process is a neat one, but the cost is about 
18.75 cents per cubic meter.* 

A somewhat similar system is used in France under the name of 
the Silicol process. Fcrrosilicon or other silicon alloy is treated with 
freshly-prepared 35 to 40 per cent caustic soda solution. The heat 
of solution of the alkali raises the temperature to 60 to 80 degrees and 
enables the reaction to progress rapidly. Hydrogen by this method 
costs about 20 cents per cubic meter.f 

By the Hydrik process aluminum powder is acted on by caustic 
soda giving hydrogen and sodium aluminate, according to the equa¬ 
tion, 

2 A1 -h 6 NaOH = 2 Al(ONa), -f 3 Hj. 

Fig. 83 shows a gas generator for the Hydrik process with an hourly 
capacity of 10 cubic meters. 

. By the addition of lime, or calcium compounds that form lime, 
according to J Consortium fiir Elektro-chem. Ind. ges. m. b. H., 
nearly the full theoretical quantity of hydrogen is rapidly liberated 
on heating silicon in an aqueous solution of caustic alkali. The process 
may be carried out in an iron generator fitted with stirrers, and in 
British Patent 11,640, May 13,1911, it is stated that the temperature 
necessary for the generation of hydrogen from silicon and caustic 
alkali solutions may be obtained by the solution of the powdered alkali 
or alkali oxides in water, or by the heat produced in the chemical 
reaction between aluminium or aluminium alloys and the alkali. 

* Met. and Chem. Eng. (1911), 157. 
t See Zeitech, f. angew,Chem. (1912), 2405. 
i British Patent 21,032, Sept. 14, 1909. 
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Jaubcrt (French Patent 430,302, Aug. G, 1910) us(^s a strong solution of a caustic 
alkali, or a solution of sodium or potassium sulfate containing such, which is made 
to act upon a compound or alloy of silicon (preferably ferrosilicon, manganoailicon 
or siiicospiegel) in such a way, that the heat produced in preparing the alkali solu¬ 
tion is utilized in effecting the reaction, no external heat being required. The reac¬ 
tion takes place in a generating vMsel, fitted with a stirring device and surmounted 
by a feeding hopper containing the powdered alloy; this vessel communicates both 
with an arrangement for washing and cooling the gas and with another vessel, also 
provided with a stirrer, in which the solution of caustic alkali is prepared (e.g., by 
dissolving 1 part by weight of sodium hydroxide in 1^ to 2 parts of water). The 
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water which has served to cool the gas in the condenser passes either to the generator 
or to the dissolving vessel. A strong solution of alkali being used, an acid silicate 
is obtained, moreover, non-caustic re^siducs, suitable for use in dyeing and bleach¬ 
ing, are obtained. 

The preparation of hydrogen under pressure by the wet method is detailed by 
Jaubert * as follows: 

The reaction by which the hydrogen is produced is carried out under a pressure 
above the vapor pressure of water at the temperature in question, the larger part 
of the heat produced is localized and stored in the reacting liquid, and by preventing 
the vaporization of this liquid, dry hydrogen is obtained, the speed of manufacture 
is increased, and the amount of liquid necesaary for the reaction diminished. The 
pressure is produced automatically by working with an autoclave generator, in which 
the hydrogen produced is allowed to accumulate. The generator is a revolving 
cylinder, provided with an autoclave cover, a charging chamber which penetrates 
some distance into the interior of the cylinder and a blow-off cock, so that complete 
mixing of the reagents can be prevented before the reaction is started and to allow 
the hydrogen formed to be drawn off. 

To obtain a I’apid and constant evolution of hydrogen by the interaction of sili¬ 
con, aluminium or alloys containing the same, with an alkali hydroxide, Jaubert 
(French Patent 454,616, April 30, 1912) prepares an emulsion of a concentrated 

. . * French Patent 433,400, Oct. 25, 1910. 
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solution of the latter with a non-saponifiablc oil or grease, such as paraffin, which 
mixture is heated to 100 ° C., with the elements or alloys named, in the form of fine 
powder, water being added as fast as it is decomposed, and the frothy mass being 
kept constantly agitated.* 

iMauricheau-Beaupre f adds to fine aluminium filings a small pro¬ 
portion of mercuric chloride and potassium cyanide, which causes a 
slight rise of temperature and produces a coarse powder, quite stable 
if kept from moisture. This powder is treated with water (about 
1 liter to a kilo) and the rise of temperature which occurs as the 
hydrogen is evolved is watched, and regulated if necessary by the 
addition of more water so that the temperature does not rise above 
70° C. At this temperature 1 kilo of the powder is completely 
oxidized in about two hours. 

The advantages of this method are that the apparatus needed is of the simplest 
de.scrii)tion, and can be ina<le of almost any materials, as the products arc perfectly 
neutral; that the gas produced is pure; and that a very largo volume is yielded by a 
email weight of volume of the reagent (1 kilo yields 1300 liters, or 1 cubic decimeter 
1770 liters). Pure aluminium filings with 1 to 2 per cent of mercuric chloride and 
0.5 to 1 i)or cent of potassium cyanide should be used. (French Patent 392,725, 
July 27, 1908.) Aluminium hydroxide is obtained as a by-product. 

Chem. Fabr. Griesheim-Elektron t recommend a preparation con¬ 
sisting of finely-divided aluminium (98 parts) mixed with small 
quantities of mercuric oxide (1 part) and caustic soda (1 part). On 
treatment witli water, hydrogen is evolved steadily and uniformly, 
1 to 1.2 cubic meters (calculated at 0° 0. and 760 mm.) being 
obtaintid from 1 kilo of the product. The mass can be kept un¬ 
altered for a long time if protected from moisture, and can be easily 
transported, 1 kilo occupying a volume of only 0.8 liter. The cost 
is about forty-five cents per cubic meter. 

In the corresponding British Patent 3188, Feb. 9, 1909, it is stated that aluminium 
ih' a divided form, such as filings, dust, chips or factory waste, is mixed with a small 
quantity of a compound of a metal such as mercury, which is electro-negative to 
aluminium, and with a small quantity of an alkali or acid, or a borate, phosphate or 
other soluble substance. The alkali, etc., serves to generate sufficient hydrogen to 
reduce the mercury or other compound, which then forms an electro-chemical couple 
with aluminium and decomposes water until the aluminium is used up. 

According to Uyeno,§ 78 to 98 parts by weight of aluminium are 
melted in a crucible and a mixture of 15 to 1.5 parts of zinc and 7.0 to 

* See also U. S. Patents to Jaubert: 943,022, Dec. 14, 1909; 1,029,064, June 
11 , 1912; 1,037,919, Sept. 10, 1912; and 1,040,204, Oct. 1, 1912. 

t Compt. rend. (1908), 147 , 310. 

t German Patent 229,162, Jan. 17, 1909. 

§ British Patent 11,838, May 18, 1912. 
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0.5 part of tin are added to the molten metal, after which the alloy 
is cast in the form of a plate. For each part of this alloy 0.12 to 
0.025 part of mercury, or a quantity of zinc or tin amalgam containing 
this amount of mercury, is taken and amalgamated with the upper 
and lower surfaces of the plate by rubbing it in with a steel brush. 
The plate is then heated to as high a temperature as possible with¬ 
out volatilizing the mercury, until the alloy has become uniformly 
amalgamated, whereupon it is ready for the manufacture of hydrogen 
by acting on it with hot water. 

When zinc dust is heated with hydrated lime, as previously stated, 
hydrogen is formed according to the equation, 

CaOiHj -I- Zn = ZnO + CaO -b Hj. 

On this reaction Majert and Richter * have based a technical process 
of generating hydrogen, in which they employ apparatus as shown 
in Fig. 84. A heating chamber F carries a series of horizontal tubes 



r, each of which is provided at one end with a gas eduction pipe e, 
leading to a water seal V, and at the other end with a removable cap. 
Iron or carbon may be used in place of zinc. 

In the Lohousse process t coal, mixed with barium sulfate, is 
heated at a red heat so as to produce carbon monoxide and barium 
sulfide, according to the equation, 

BaS 04 + 4 C = BaS + 4 CO. 

The sulfide of barium produced is then heated to redness in a current 
of steam, with re-formation of barium sulfate and evolution of 
hydrogen. . 

- BaS -b 4 HsO = BaSOi + 4 Hj. 

• Brahmer, Chemie de Gase, 101. 
t French Patent 361,896, Got. 24, 1905. 
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The rcgcncrialed barium sulfate is ready for use de novo. The 
carbon monoxide produced in the first operation may bo employed 
for heating the retorts. Lahousse also states that sulfate and sul¬ 
fide of strontium may be used in place of the corresponding barium 
compounds.* 

The Bergius process. Steam acts on incandescent carbon to pro¬ 
duce hydrogen and carbon monoxide. Below 6.50° C. carbon dioxide 
instead of carbon monoxide is formed to some extent according to the 
reaction, 

C -I- 2 H,0 = C(b + 2 Hs. 


Bergius has found that this reaction occurs al¬ 
most exclusively if water at a temperature of 
about 300° C. is allowed to act on carbon under 
a pressure sufficient to keep the water in a liquid 
state. The addition of small amounts of thal¬ 
lium .salts is beneficial as the reaction is there¬ 
by promoted through catalytic action. In order 
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to work under the high pressures necessitated by these consider¬ 
ations Bergius has made use of apparatus as shown in Figs. 85 
and 86. 

The successful closure of the reaction chamber was attained by the use of a 
tapered plug forced into a seat having a taper of different angle so that the contact 
becomes a line rather than a surface. (Bergius, Die Anwendung hoher Drucke bei 
Chemisohen Vorgangen, Halle, 1913, 6.) A charge of say 100 kilos coke and 200 

* First Addition, Oct. 28, 1905, to French Patent 361,866. 
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kilos water containing in solution 1 kilo of thallium chloride is placed in a strong 
iron vessel provided with a valve, and the vessel is heated to 340° C. (German 
Patent 259,030, June 24, 1911.) The 
mixture of hydrogen and carbon dioxide 
which collects in the upper part of the 
vessel is blown off through the valve at 
intervals of half an hour, and the carbon 
dioxide is absorbed by lime. 

Using iron instead of carbon, 

Bergius * has developed a process 
of making hydrogen without the, 
accompanying formation of car¬ 
bon dioxide, based on the reaction 
between iron or other metal and 
water at a temperature of 300° CL, 
or so.f A receptacle as shown in 
Fig. 87 is employed. This has an 
expanded basal part serving as 
a reaction chamber and a long 
tubular outlet.J 

Iron and water (which should contain 
an electrolyte such a-s sodium chloride) 
are placed in the chamber and arc heated 
to 300° C. The pressure rises to 100 
atmospheres or higher. Water condcnse.s 
in the tubular outlet and flows back 
into the reaction zone. Hydrogen is 
blown off by means of the valve in the 
upper port. It is stated that in this 
way hydrogen can be obtained directly 

• Bergius (Zeitsch. f. angew. Chem. (1913), 517) states that with his process 
hydrogen containing less than 1/100 of a per cent of impurities may be produced. In 
apparatus which has been thoroughly tested at Hanover, a vessel of a capacity of 80 
liters produced 12 cubic meters of hydrogen hourly. Bergius states that the construc¬ 
tion of vessels of larger size up to a capacity of about one cubic meter offers no 
difficulty. In large plants which are arranged for proper heat utilization, Bergius 
estimates the cost of hydrogen at about 2 cents per cubic meter. The advantage 
of this process is that very pure hydrogen under high pressure may be produced at 
a low cost and without an expensive equippient, enabling works requiring only a 
small amount of hydrogen to produce this gas on the spot at low cost. The iron 
oxide formed by the reaction ean be reduced by heating with carbon at 1000° C. 
and is then ready to be used a second time. 

t German Patent 254,593, Oct. 24, 1911, and German Patent 262,831, July 7, 
1912. 

t Apparatus fitted with an agitator and adapted for the treatment of liquids with 
gas high piwures is described in Chem. Ztg. (1913), 1288. 
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under a pressure mon^ than 1(K) atinosiAcros. Ijowor oxides of metals may re¬ 
place the metals themselvos. (French Patent 447,080, Aur. 9, 1912.) The water 
may eontain neutral salts, acids or other conductive compounds. The reaction 
is also accelerated by the use of a second metal, such as copper, nickel or platinum, 
more electropositive than the principal metal.* 

Sabatier f produces a mixture of hydrogen and methane by passing 
moist purified water gas over finely-divided nickel at a temperature of 
from 300 to 450° C. The water gas is first purified by removing carbon 
dioxide by means of sodium carbonate and caustic soda or potash, and 
is then passed over copper to remove sulphur. 

Sabatier observes that the manufacture of methane or of mixtures of methane 
and hydrogen has been carried out by producing water gas, by depriving the gas 
of carbon dioxide with the aid of an alkaline carbonate and by finally passing the 
gas over heated nickel. This process has never produced good practical results on 
account of the following reasons: 'ITie water gas constantly varies in composition 
and as the whole operation is based on a definite composition of the gas, the process 
soon becomes defective, the production of hydrogen becomes insufficient, the nickel 
is carbonized and after a short time the operation has to be stopped. The carbon¬ 
ized nickel has to be regenerated and an operation of the kind requires time and 
expense. 

The Reaction in the Nickel Tubes. The practical execution of this reaction 
depends on the following conditions; 1. The initial cleaning of the gas. 2. The 
arrangement of the apparatus. 3. The preparation of the nickel. 4. The way of 
conducting the operation. 

1. The gas deprived of carbon dioxide consists of a mixture of carbon monoxide 
and hydrogen. It must be freed from traces of sulphur eomimunds that it may 
contain and for this purpose the gas is made to pass through tubes, Fig. 87a, con¬ 
taining copper in the shape of turnings or of a fine powder. These tubes are built 
into a water-gas furnace and must be maintained at a temperature between 500° 
and 600° C. The copper heated to dark red withholds any imimrities that might 
deteriorate the nickel. After long use the copper becomes partly transformed into 
copper sulphide and must be renewed. 2. The apparatus for the reaction with 


‘Badisd,.- Anilin und Soda Fahrik., French Patent 441,695, March 23, 1912. 
Operations in which hydrogen, or gosea containing it, are employed under pressure 
and at a high temperature can ire carried out in vessels, provided with special strength¬ 
ening appliances, although the wall of the interior vessel in which the reaction takes 
place is composed of some material, such as iron free from carhon or nickel, which is in¬ 
capable of ofiering by itself sufficient mechanical resistance to the conditions imposed 
by the process, but ohemically is ns resistant as possible to hydrogen, (See also U, S, 
Patent 1,077,034, Oct. 28, 1913; and 1,076,085, Oct. 7, 1913.) 

Hydrogen under pressure may be used in conjunction with vessels constructed of 
steel alloys.at temperatures considerably above 450' C. when these alloys contain certain 
proportions of chromium, vanadium, tungsten, molybdenum or the like. Suitable alloys 
contain (1) tungsten 18 and chromium 3 per cent, and (2) chromium 2.9 and carbon 0.2 
per cent. Allo.vs. containing too high a percentage of nickel should be avoided. (J. S. 
C. I, (1913), 1010; Badische Anilin und Soda Fabrik., British Patent 29,260 and 13,258, 
Dec. 19, 1912, and June 7, 1913.) 

t U. 9. Patent No. 956,734, May 3, 1910. 
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nickel consists of horizontal metallic flattened tubes. 3. The nickel producing the 
catalytic reaction must be in a powdered condition and is obtained by reducing 
commercial nickel oxide. The oxide is reduced by applying the mixture of carbon 
monoxide and hydrogen that issues from the copper tubes. The reduction is effected 
between 350 and 450° C. 4. The tubes for the nickel arc grouped in several series 

that are independent of one another, so that 
one series may be emptied, filled again and 
reduced without interrupting the whole 
operation. 5. The reaction with nickel is 
effected at 350° C., but the temperature may 
vary between 300° and 450° C. without in¬ 
volving any serious disadvantage. As the 
gases are moist when they reach the nickel 
and the reaction is accompanied by a con¬ 
siderable production of water, the permanent 
formation of carbon on the nickel according 
to the reaction 2CO='C-(-COi docs not take 
place. 

Jaubert * tests silicol (ferro silicon) and 
other silicon alloys used in the production of 
hydrogen, by the following procedure: Five 
portions (10 g. each) of the ferrosilioon con¬ 
tained in thin paper thimbles are added suc¬ 
cessively to 50 cc. of 40 per cent sodium 
hydroxide solution in a 2-liter flask and kept 
at 80° C. The evolved gas is led through three wash bottles containing, respec¬ 
tively, pure water, bromine water (to oxidize hydrogen phosphide) and 10 per eent 
sodium hydroxide solution (to remove bromine vapor). To the last wash-bottle, 
in which a thermometer hangs, is connected a gas receiver. The volume of gas 
obtained is reduced to 0° C. and 760 mm. 50 g. of silicol yield 70 to 75 liters of 
hydrogen. 

Baillio t produces hydrogen and sodium silicate by the following 
method. An excess of silicon is repeatedly acted on with 10 per cent 
caustic soda solution, in a closed vessel and the hydrogen and sodium 
silicate solution produced by each treatment are removed before adding 
fresh caustic soda solution. 

De la Fresnaye and Suchy J give the following as a cyclic process for 
producing nascent hydrogen by means of esters. 

An eater is saponified with water, in the presence of a metallic oxide or carbon¬ 
ate and the material to be treated with nascent hydrogen, to which may be added a 
reducing agent, such as trihydroxybenzene or gallic acid. For example, petro¬ 
leum ooDtaining sulphur compounds is treated with ethyl acetate, lead oxide or car¬ 
bonate, and a small proportion of trihydroxybenzene, the lead sulphide produced 

* Bev. Gen. Chim. pure et appl., 1913, 16, 341; Chem. Techn. Rep., 1914, 38, 380; 
J. B, C. I., 1914, 1091. 

tchem. Abs., 1916, 1682, J. S. C. I., 1916, 633. U. S. Patent No. 1,178,206. 

(firench Patent No. 476^54, Apr. 23,1914; J. B, C, I., 1916,48. ' 
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is filtered off, and ethyl acetate, which is continuously reformed, during the reaction 
is recovered by fractionating the filtered product; the reaction is facilitated by 
adding ether to prevent emulsification. 

Kessener * produces hydrogen by the following method: Waste liquor sludges, 
or the liquors themselves (e.g., from paper factories), are inoculated with anaerobic 
bacteria capable of producing methane or hydrogen, selected with special regard 
to the nature of the particular waste hquors employed. Suitable nutrient salts 
are added and the bacteria are grown under conditions which minimize the pro¬ 
duction of free nitrogen. 

In Snelling’s process f hydrogen is separated from producer gas or 
other gases by diffusion through porous earthenware or alundum con¬ 
tainers having a thin coating of platinum or palladium. The porous 
tube is electrically heated by resistance wires preferably to above 
800°, the gas being introduced under pressure. Hydrogen diffuses 
through the platinum or palladium film and porous tube and is then 
drawn off. Several other forms of apparatus are also described. Cobalt, 
nickel or iron may be used instead of platinum or palladium but with 
decreased efficiency. 

The separation of the different components of a gas mixture is brought about 
by Wussow t by leading the gas over the surface of permeable or absorbing media. 
Diese media may be either solid or liquid, and different forms may be used simul¬ 
taneously to separate the different constituents of a complex mixture. Moving 
penneable surfaces may be used to accelerate the diffusion. The diffused gas may 
be removed from the farther side of the diaphragm by maintaining a low pressure or 
by circulating an indifferent gas, such as steam, ammonia, or carbon dioxide, which 
afterwards can be removed by solution or condensation. Diffusion may also take 
place through several media in succession, each of which causes a partial separation. 
As an example of the process, using a layer of water as permeable medium, at 
0" C., this would absorb 85.2 times as much carbon dioxide as hydrogen, and at 
20' C., 49 times as much. A system has been devised on this principle for the 
manufacture of hydrogen from water gas at a cost of 3.0 Pf. per cubic meter. 
A product containing 99 per cent hydrogen can be prepared at a cost of 6.4 Pf. per 
cubic meter. 

Curme § provides a method for the separation of various gases in a 
gaseous mixture containing acetylene, ethylene, methane and hydrogen 
with traces of other gaseous substances, such as impurities, whereby 
the available gases are separated one from another in a form and 
condition in which they are available for commercial use. 

In carrying out the process, an apparatus as shown in Fig. 876 is filled with char¬ 
coal and connected with the container in which the body of gas is stored. The upper 

• German Patent No. 290,126, Feb. 7 , 1914; J. S. C. I.. 1916, 486. 
t U. S. Patent No. 1,174,631; Chem. Abs., 1916, 1424, J. S. C. I., 1916,527. 
t German Patent No. 295,463, Apr. 16, 1913; J. S. C, I.. 1917, 330. 

{U. S. Patent No. 1,181,116, May 2,19X6; J. S. C. I.. 1916, 683. 
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pipes are connected to the receivers arranged to receive tne respective gases. The 
charcoal, having an affinity for the acetylene and ethylene, is stated to take up or 
absorb these gases, while hydrogen and other gases pass through the vessel unchanged. 
This oi)cration continues until the charcoal has taken up all of the acetylene and 
ethylene gases, which such a quantity of charcoal is capable of containing. Heat 
is then applied to the vessel, raising its temperature to around 200® C., at which 
temperature ail of the acetylene and ethylene contained in the 
charcoal will be driven out. When these gases have been com¬ 
pletely expelled from the charcoal the latter is cooled and is ready 
for another operation. The hydrogen obtained is claimed to be free 
from all impurities of the type known as catalytic “ poisons ” so 
that it is considered especially well adapted for use in catalytic 
hydrogenation procc-sses. 

SchoU * produces a mixture of nitrogen and hydrogen in which 
the ratio of nitrogen to hydrogen is equal to R, by mixing ammonia 
gas and air in the proportion of {2R -1- 4 to 3iE—1) and passing the 
mixture over a catalytic agent to induce dissociation of the ammonia 
and combination of the oxygen with hydrogen. For example, a 
mixture of equal parts of nitrogen and hydrogen is obtained by 
charging a closed vessel with ammonia gas under pressure, intro¬ 
ducing air until the total pressure is four times the absolute pressure 
of the ammonia, and then passing the mixture over a catalytic agent. 

An apparatus is described by Oyobigawa t whereby air-free 
hydrogen may l)e generated from the start, the waste solution may 
be discharged without admission of air, and the quantity of solid 
reagent may be regulated to control the pressure and volume of the gas. 

The method of Quentin and Guillien t depends upon the decomposition of water 
by fused zinc, the bath of zinc being kept molten by the condjustion of a portion of the 
gas produced by the reaction. The apparatus consists of a bath for the molten 
zinc, in which is a perforated steam-coil connected with an outer coil heated by a 
burner. At the top of the bath an inclined surface is fixed, which carries the zinc 
oxide away as it foims. 

A method for preparing hydrogen is descril>od by Helbig § which is baaed on tlie 
reaction of aluminum with caustic soda; 810 g. aluminum and 3600 g. caustic soda 
are required to furnish one cubic meter of hydrogen. Inasmuch as commercial 
aluminum and caustic soda may l>e regarded us 99 and 77 per cent pure, respectively, 
5485 g. of the latter would be required to furnish 1000 1. of hydrogen gas. Helbig 
notes that this yield constitutes a saving of 20 per cent as compared ;vith the usual 
method based on the reaction of iron and sulphuric acid. 

Activation of the aluminum is secured under the influence of heat, which brings 
about a considerable increase in the yield of hydrogen obtained when the product 
is subsequently treated with water. || 

The activation of the ahiminum results from the surface amalgaroalion of the 
metal, principally upon the production of the amalgam by the reduction of the 

♦ U. a Patent No. 1,123,394, Jan. 5, 1916; J. S. C. I., 1915, 228. 

t Japanese Patent No. 29,910, August 18, 1916; Chem. Aba,, 1917, 412. 

t French,Patent No. 476,994, May 18, 1914; J. S. C. I., 1916, 601. 

S Ph. praxis; through Boll. chim. farm, 53, 71, 1914; Chem. Abs., 1915, 1373. 

jj-German Patent No. 294,910, Jan. 27, 1016; L. Elkan Erben G.m.b.H., J. S. C. I., 
1919; 386; Chem. Abs., 1018, 605. 
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mercury compound, and from the etching action of caustic soda. The amount 
of hydrogen evolved i.s claimed to he greatly increiuscd if the activation is ellecttd 
in whole or in part with heating, either tunalgamating the aluminum with heating, 
or etching with caustic soda in the lieat, or cturj'ing out the whole process at an 
elevated temiipraturc. In the suhseqiient evolution of hydrogen the use of hot 
water i.s not then noecssary, e.g., 50 g. aluminum filings are heated on the sand bath 
in a dish for about thirty minutes at 180°, and then sprinkled with 1 per cent mer¬ 
curic chloride solution. The excess is poured off and washed with pure alcohol. 
After drying 0.2 g. of the product are drenched with about 10 cc. of a 1 per cent 
caustic soda solution which, after a short time, is made up to 1 1. with pure water. 
In twenty-five minut.e.s about 40 cc. hydrogen arc evolved. Without previous 
heating of the aiuminuin, only 31 cc. hydrogen are evolved under otherwise like 
conditions. 

According to Hamlin • lialloons are generally inflated with hydrogen from scrap 
iron and hot acid, unies.s there is some other souree of the gas close at hand. The 
French army has made use of processes whieh would he far too expensive for most 
commercial purposes, but which have the advantage of requiring none hut readily 
portalilo materials and apjiaratus.t iSimplc apparatus dc.signed by Jaubert for the 
decomposition of “ hydrolith,” which is essentially calcium hydride with some 
calcium oxide and nitride, yields 1 cubic meter of hydrogen per kilogram of 
hydrolith. Jauberl's proeeas involving the treafn.ent of ferro-silicon or mangano- 
siliion with water and caustic soda appears to he a reaction difficult to control. 
Jaubert has, therefore, introduced another “ liydrogcnite ” process. Ferro-silicon 
is intimately mixed with dry cgiustic soda and quicklime, and the bricks obtained 
are scaled in tin ca.scs to keep out moisture. When wanted, the brick is placed 
within a walcr-jackotod apparatus, and a hot wire is forced into the brick. The 
mass burns without giving any flame, some steam is generated in the jacket, and 
this steam enters the brick and hastens the liberation of hydrogen. The ferro- 
silicon used is of a very high grade, containing more than 90 per cent of siheon. The 
reactions give hydrogen, lime and sodium silicate; the iron is unessential, and is 
used only because it is cheaper to manufacture rich ferro-silicon than to isolate silicon 
itself. 

Foumiols t gives a review of the methods that have been proposed 
for the commercial production of hydrogen. The hydrogenite, hydro- 
lit li, and rilicol processes are discussed at some length with reference 
to apparatus for field use. 

He states that the problem of transportation presents the greatest difficulties in 
connection with the utilization of the hydrogen gas set free in large quantities as a 
by-product in electrolytic caustic and chlorine plants. In transporting this hydrogen 
the great weight of the cylinders which must be moved to get a small amount of 
hydrogen to a certain point was a serious obstacle. This gave rise to the develop¬ 
ment of the other processes above mentioned involving the use of portable generating 
apparatus. A comparison of the price of transportation in this way with the com¬ 
pressed hydrogen method is given as follows: 


* J. Ind. and Eng. Chem., 1915, 542. 
t Engineering, 99, 1915, 415. 

J Rev. gen. eci., 1915, S6, .439; Chem. Abs., 1016, 2294. 
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Cylinders vrith Compressed Hydrogen 

Hudrolilh 



Francs 


Francs 

8000 tubes at 80 fr. 

640,000 

48 tons at 5 fr. per kg. 

... 240.000 

50,000 cubic meters of hydrogen 
at 0.40 fr. 

20,000 

Apparatus for generating.... 

... 40,000 

Carriers for tubes. 

60,000 

Carriers for reagents. 

... 4,000 

12 carriages of 3 tons. 

240,000 

960,000 

2 carriages of 3 tons. 

... 40,000 

324,000 


This table is only intended to compare transportation cost. The hydrolith process 
is expensive as a stationary means of production. Fourniols states that the latest 
German process for both lighting and inflating purposes, using coke and oil, is also 
capable of being transported ready for generating purposes. 

Bamitr has reviewed the field of hydrogen production and utilization in Metallur¬ 
gical and Chemical Engineering, April 1, 1916 and Journal of the Aeronautical 
Society of America, May-June, 1916. In the first-mentioned paper the Linde 
process, iron and steam method, hydrogen by the decompo.-^ition of hydrocarlxtns 
and by electrolytic methods are considered. The application of hydrogen in the 
hydrogenation of fatty oils is briefly discussed. Modern methods of manufacture 
of hydrogen are outlined by Gas World, 1918, 68, 4. In the report of the British 
Comptroller and Auditor General, it is stated, that the cost of hydrogen gas showed 
an increase from .14.60 per 1000 cu. ft. in 1912-13 to $5 25 in 1913-14.* The output 
during the latter year was 2,023,607 cu. ft. as compared with 3,493,296 cu. ft. in 
1912-13. Seeker t outlines the methods in use for the commercial production of 
hydrogen and the manner in which the gas is employed tor industrial jmrposes. 
The generation of hydrogen by different methods and the cost of equipment is dis¬ 
cussed by Bontoux.j A review of the developments in hydrogen gas manufacture 
during 1914 api^ars in Zeitsch. angew. Chem., Aufsatzteil, 1915, 221. Sander § 
gives a review of the principal processes for the manufacture of hydrogen on 
the large scale for military purposes; and of the methods for handling the gas 
in the field. A review of the subject of the application of hydrogen gas in 
aeronautics is given by Redgrove. || The production of hydrogen by the electrical 
decomposition of acetylene, the use of hydrolith, hydrogenite and the like are 
discussed. The manufacture of hydrogen for military purposes is ably described 
by Ardety.H 

Crossley** discusses at length the methods of manufacture of hydro¬ 
gen and its uses. A review of modern apparatus for the preparation 
of hydrogen is given by Kausch.ff 

Teissier and Chaillaux heat a mixture of barium sulphate and 

* J. Gas Lighting, 129, 1915, 442. 

t Polytech. England, 1914, 61, 60; Chem. Abs., 1914, 3019. 
t Matifcres Grasses, 1914, 4194; Seifen. Ztg., 1914, 987. 

$ Chem. Aba.. 1916, 808. J, Gasbel, 1915, 637. 

II Chem. Trade J., 60, 359; Chem. Abe., 1917, 2264. 

^ TranS; Am. Electiochem. Boc., 1916, 19 , 549; Met. Chem. Eng., 1916, 11 , 333. 

•*J. B. C. I., 1914, 1135. 

tt Berlin Chem. App., 1915, 2,125 and 141. 

-■'tt French Patent No. 447.688. 1912: J. S. C. L. 1913. 234 and 1914. 1137. 
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manganous oxide to a red heat, finally to a white heat, and pass steam 
under pressure over the resulting mass, when the following reactions are 
stated to take place: 

BaS04+4MnO=BaS +4Mn02, 

BaS +4MnOj=BaS+4Mn0+20j, 
BaS+4Mn0+4H,0=BaS04+4Mn0+4H,. 



CHAPTER XXVI 

HYDROGEN BY THE ELECTROLYSIS OF WATER 

The production of hydrogen and oxygen by the electrolysis of 
water, though one of the oldest electrochemical experiments, and 
proposed in a large number of patents, in the past has been carried 
out industrially only to a limited extent. There vs'as considerable 
difficulty in developing the laboratory apparatus so that it would 
operate successfully in practice, one of the hardest conditions to meet 
being the necessity of absolute safety of operation, and this required 
the exclusion of every possibility of the formation of an explosive gas 
mixture. Another difficult matter was the requirement of providing a 
material for the electrodes, which was not at all or only slightly attacked 
by the electrolyte, and the necessity of constructing apparatus with 
a small internal resistance.* 

These problems appear now to have been worked out satisfactorily 
so that large scale electrolysis of water is on a solid industrial basis. 
The principal processes or systems used in practice include those 
of the International Oxygen (^o., Garuti, Schoop, Siemens-Halske, 
Schmidt, Schuckert and Burdett.f 

• The Electrolysis of Water, Richards and Landis, Trans. Am. Electrochem. 
Soc., Ill, 104, and IV, 112, is concerned largely with the theory of the subject, while 
a paper by Richards bearing the same title, appearing in the Journal of the Franklin 
Institute, 1905, 377, treats of practical developments in hydrogen and oxygen gener¬ 
ation. 

t In the electrolysis of water there are certain constants whose values are the 
same under all conditions of operation within certain limits. The first constant 
is the amount of hydrogen liberated per ampere hour of current passed through the 
cell generator; the figure is 0.03738 gram or 0.014826 cubic foot of hydrogen gas 
measured at 0 degree and 760 mm. pressure. Thus, at 400 amperes, which is the 
customary operating amperage for most cell generators, the production will be 5.93 
cubic feet of hydrogen and 2.96 cubic feet of oxygen (at 0 degree and 760 mm. pres¬ 
sure) per hour. At 20 degrees and 760 mm. pressure the output will bo 6.36 cubic 
feet of hydrogen and 3.16 cubic feet of oxygen per hour per cell generator. The 
second constant is the minimum voltage that will force the current through the cell 
generators. For a solution of sodium hydroxide in water the minimum voltage is 
1.69 volts, for potassium hydroxide 1.67 volts; this, then, is the lowest voltage at 
which decomposition of water, or electrolysis, takes place. In order to produce 
gas with current at this voltage, the cell generator would have to be constructed 
in such a manner as to do away with all internal electrical resistance which is obvi¬ 
ously impossible and so the operative or practical voltage is higher than the theoret¬ 
ical. ' With a current of 400 amperes the voltage will vary from 1.9 to 4, depending 
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D’Arsonral, in 1885, was perhaps the first to install a plant for 
furnishing oxygen electrically in the laboratory. He used 30 per 
cent caustic soda solution as electrolyte, cylindrical sheet-iron elec¬ 
trodes, a current density of two amperes per square decimeter, and 
enclosed the anode in a woolen bag, to serve as a diaphragm. Only 
the oxygen was saved. The apparatus used sixty amperes, furnished 
some 100 to 150 liters of oxygen daily, and was in use several years. 

Latchinoff used an asbestos cloth partition, ten per cent caustic 
soda solution, iron electrodes, 3.5 amperes per square decimeter 
and 2.5 volts working tension; or with a five to fifteen per cent sul¬ 
furic acid solution he used lead anodes and carbon cathodes. In 
his first apparatus, Figs. 88 and 89, the units were all in parallel, but 
afterwards he used scries electrodes, the one side of an electrode 
acting as an anode and the other as a cathode; a scries of forty was 

on tho type of cell Rencrator, With the first constant given the amount of hydrogen 
producixl per 400 amperes per hour and the minimum or theoretical voltage given 
it is a simple matter to determine the yield of gas per kilowatt-hour of electricity 
used. The theoretical efficiency will be 400 amperes X 1.69 volts or 0.676 kilowatt- 
liour to produce 6.36 cubic feet of hydrogen. The theoretical yield per kilowatt- 
hour per cell generator will be 9.408 cubic feet of hydrogen. In practice the yield 
is from 4..5 to 8.25 cubic feet of hydrogen per kilowatt-hour. 

In general, electrolytic plants consist of the following important parts, cell gener¬ 
ators for producing the gases, a motor-generator set to deliver a direct current at 
tne proper potential or voltage, gasometers and storage tanka for storing the gas 
as it is generated and compressors and compressor motors for raising the pressure 
of the gas to the required point. Stripped of everything but essentials the compo¬ 
nent parts of all cell generators are; a container tank for holding the solution; one 
or more positive electrodes, one or more negative electrodes, immersed in the solu¬ 
tion; means for separating the electrodes to prevent mixture of gas and means for 
separately collecting the gas as it is generated. The separating medium is usually 
a diaphragm and may be of metal, earthenware or cloth. The diaphragm may be 
a conductor or non-conductor of electricity and if of conductive material it should 
be insi’icted from the electrodes. The effect of the diaphragm is to divide the 
generator into two or more partitions, and the gases as generated will rise to the top 
of the partition, there to be drawn off by means of pipes which lead to header pipes 
connecting a line of cell generators, each gas, of course, being drawn off by means 
of separate pipe lines. The header pipes in turn are connected to a main gas line 
which leads the gases to their respective gasometers. From the gasometers the 
gas is drawn off by means of compressors and compressed into storage tanks for use. 

The majority of installations require a motor-generator set to obtain tho required 
voltage for operating. The current must be direct. The motor-generator set 
should be heavily built in order to operate on a twenty-four hour load. The com¬ 
pressors employed are specially adapted for handling these gases. The size and 
character of the gasometers used, of course, depends on the size of the installation. 

Below is given a typical operating cost of an electrolytic plant consisting of 
100 cell generators with a production capacity of 632 cubic feet of hydrogen and 316 
cubic feet of oxygen in one hour and 15,168 cubic feet of hydrogen and 7584 cubic 
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feet of oxygen in 24 hours. The yearly production, 300 days 24 hours per day, is 
4,550,400 cubic feet of hydrogen and 2,275,200 cubic feet of oxygen. 

Each cell generator rcquirc.s about 2 volts at 400 amperes equivalent to 800 watts 
or 0.8 kilowatt-hour. 

100 cells X O.SK.W.n. x 24 hours X 300 days = 576,000 K.W.H. yearly plus 
25 per cent for loss tlnough motor-generator set = 720,000 K.W.H. yearly. 
Hydrogen compression requires 4 K.W.H. per hour. 

4 K.W.H. X 24 hours X 300 days = 28,800 K.W.H. yearly. 

(Compression to 300 pounds per square inch.) 

Oxygen compression requires 12 K.W.H. per hour. 

12 K.W.H. X 24 hours X 300 days = 86,400 K.W.H. yearly. 

(Compression to 1800 pounds per square inch.) 


Current consumption yearly: 

Cell generators. 720,000 

Hydrogen compression. 28,800 

Oxygen compression. 86,400 

Total. 835,200 

Fixed charges: 

Depreciation, maintenance, yearly. 13000.00 

Interest on investment. 1600.00 

Labor: 

300 days, 24 hours, at 30 cents per hour.,. $2160.00 


With current at a price of say 1 cent per kw.-hour, which although a low rate is 
not excessively low for thb class of service, the total operating cost will be $15,012.00 
per year. 

The demand for oxygen in metal working lines is at present so great and so poorly 
met that in the majority of cases the oxygen produced by an eleotrolsrtio plant may 
be disposed of under contract at such terms as will result in the hydrogen being 
produo^ at a relatively low cost. 
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used on a normal lighting circuit, with current density of ten amperes 
per square decimeter, and parchment partitions between the electrodes 
to separate the gases. Latchinoff was also the first to carry out the 
decomposition under pressure, using a strong iron vessel as elec¬ 
trolyzer, and by an ingenious system of floating valves keeping the 
pressure of the two gases equal in the apparatus. Fig. 90 shows this 
apparatus, the action of which will be evident from a short inspec¬ 
tion. 

Renard’s apparatus for the generation of hydrogen is shown in 
Fig. 91. The container is made of cast iron and serves as the nega¬ 



tive electrode. The cylinder C of asbestos material encloses the 
positive electrode which is cylindrical in shape and is made either of 
iron or nickel. Through the bottom of the diaphragm cylinder the 
U-tube R establishes communication between the inner and outer 
vessels. The electrolyte is a solution made by dissolving 15 parts 
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of caustic soda in 100 parts of water. Before the gases are passed 
to the gas holder they are led through the pressure equalizer marked 
H and 0. With a current of 25 amperes at 3.5 volts a yield of 12 
liters of hydrogen and 6 liters of oxygen per hour is obtained. 

A form of construction of the 
Renard * type is shown in Fig. 92 
and also in Fig. 93. 

The multiple cell of Schmidt f 
looks somewhat like a filter press, 
Fig. 94, and consists essentially of 
bipolar, iron electrodes, connected 
in series. Each frame in the pres.s 
contains an iron electrode, which 
acts as a double-pole (bipolar) elec¬ 
trode, sheets of asbestos cloth held 
between the frames acting as par¬ 
titions, reinforced with rubber on 
the edges for making tight joints. 
The electrolyte is a ten per cent 
solution of potassium carbonate, 
filled into the apparatus through the 
standpipe on the right, which com¬ 
municates with all the compartments 
through holes in the frames similar 
to the usual filter-press construction. 
The gases evolved escape by similar 
passages into the cylinders on the left 
Fig. 95. end, where they separate from the 

electrolyte and pass upwards, while 
<!ie electrolyte, dragged by the gas bubbles, flows downwards back 
into the apparatus, thus maintaining an efficient circulation. With 
forty plates about 2.5 volts are absorbed in each cell, using a current 
density of about two amperes per square decimeter.f 

The apparatus is shown in detail in Fig. 95. A 110-volt direct- 
current lighting circuit may be employed for the operation of a series 
type apparatus composed of the requisite number of cells. The press 

* Delmard, German Patent 58,282, Nov. 23, 1890. 

t German Patent 111,131, June 13, 1899. 

t A multiple-cell generator of the filter press type is manufactured by Shriver & 
Co., Harrison, N. J. 

A filter-press type of hydrogen generator having an output of 16 cu. m. of hydrogen 
per hour is made by Maschinenfabrik Sfirth, G.m.b.'h. Sfirth am Rhein bei Edln. 
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Fig. 96. Shriver oxj’-hydrogen generator. 
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has to be taken apart and cleaned every six weeks and the asbestos 
diaphragms have to be renewed from time to time. 



Fiq. 98. 


Fig. 99. 


Schoop, in 1900, devised an apparatus with non-conducting and 
non-porous partitions, which has gone into considerable commerci^ 
use. Fig. 97 shows the section of the apparatus, where m are the 
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tubular electrodes of sheet hard lead, enclosed by glass or clay sus¬ 
pended tubes c, which are perforated at their lower end; the electrode 
surface is further increased by fine hard lead or iron wires hung inside 
the tubular electrodes, the latter being perforated above the level 
of the electrolyte in order to let the internally-generated gas escape. 
Each cylinder contains two anodes and two cathodes. When alkaline 
electrolytes arc used and iron electrodes, the working voltage is 2.25; 
when sulfuric acid of density 1.235 is used, with hard-lead electrodes, 
the working voltage is 3.6 to 3.9. Fig. 98 shows a single electrode and 
Hg. 99 an installation of the Schoop system.* 


+ a 


-T> + a 




—fc +a 


-k 



Garuti, in 1892, introduced a new electrolytic principle into these 
apparatus for the decomposition of water. He used a nearly com¬ 
plete metallic partition between the electrodes, and avoided the evolu¬ 
tion of gases on this partition by keeping the working voltage between 
the electrodes below three volts. A metallic partition can only act as 
an intermediate or bipolar electrode by virtue of the current entering 
and leaving it; but this would make two decompositions between 

* Schoop (Zeits. Elektrotechn. Wien (1900), 18, 441) discusses the difficulties 
met with in the construction of a suitable apparatus for the' technical electrolytic 
manufacture of hydrogen and oxygen, and gives a description of patents dealing 
with this subject. In the Schoop apparatus it is claimed that 1.5 cubic meters 
of hydrogen and oxygen are produced per 11 horse-power hours. Richards (Jour. 
Franklin Inst. (1905), 390) notes that the output is given as 68 liters of oxygen and 
136 liters of hydrogen per electrical horse-power hour. A description of the Schoop 
system is given in the Centralblatt f. Accum., Feb. 15, 1903. It is stated that the 
length of the tubes is chosen according to the pressure under which the gases are 
wanted. The following results were obtained with the Schoop apparatus during 
one year: One electric horse-power hour gives 97.5 liters of hydrogen and 48.75 oxy¬ 
gen (probably under atmospheric pressure); i.e., for one cubic meter of mixed gas 
6.8 horse-power hours are required; with warm acid (sulfuric acid of 1.23 specific 
gravity being always used) this value is reduced to 6.2 horse-power hours; if the 
price of one horse-power is 1 cent, the cost of the production of one cubic meter of 
mixed gases is 4.2 to 4.8 cents. The purity of the oxygen is 99 per cent, that qf the 
hydrtgen 97.5 to 98 per cent. 
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the original cleelrodcs, necessitating an absorption of 2 X 1.5 = 3 
volts in decomposition. As long as the working voltage is kept 
below 3, the partition must act merely as a partition, the same as a 
non-conducting partition. Reference to Figs. 100, 101 and 102 will 
make this entirely clear. If 2 electrodes are placed in a vessel (Fig. 100) 

containing acidulated water and 
are separated by a sheet of metal 
c (Fig. 101), two separate decom¬ 
position chambers result and the 
sheet metal serves as a bipolar 
electrode, so that the side towards 
the anode evolves hydrogen and 
that towards the cathode, oxygen. 
Since the 1.5 volts are required 
for the decompo.sition of water, 
the cells M and N will require 3 
volts. If the diaphragm is raised 
somew'hat so the chambers M and 
N arc in communication (Fig. 102) 
the evolution of gas will take place 
only on the terminal electrodes 
and not on the intermediate con¬ 
ducting septum. The latter be¬ 
comes a bipolar electrode only 
when the electromotive force ex¬ 
ceeds 3 volts. The advantage 
gained by the Garuti process is 
in the simplicity and economy of 
making the partitions of sheet 
metal instead of burnt clay, rubber, glass, etc. 

Garuii devised many modifications in the details of his cells, of 
which Fig. 103 may represent the most recent. The original forms 
made of sheet lead (using dilute sulfuric acid electrolyte) got out 
of shape too easily, and were replaced by sheet-iron apparatus, using 
caustic soda solution. The electrodes are only twelve millimeters from 
each other, and separated by a sheet-iron partition with small per¬ 
forations in it, the latter allowing free passage of current but being 
too small to allow any gas bubbles to pass. The alternate compart¬ 
ments are connected with oxygen and hydrogen mains, in which are 
enlargements for collection of spray and moisture, which runs back 
into the cell. Current densities of two to three amperes per square 
decimeter are possible with a working voltage between 2.45 and 3, 
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using caustic soda solution of 21° B4. The cell shown in Pig. 104 is 
intended to take 400 amperes, and to require one kilowatt of power. 
The Garuti type Cll generator consists of 45 separate compart- 



Fia. 104. 


ments made of 16-gauge sheet iron welded together to form a single 
unit.* The sides of the compartments arc used as diaphragms and are 
usually perforated (Fig. 105) to allow circulation of the electrolyte but 



Perforated compartment walls of the Garuti generator. 

* In 1892 Garuti took out a patent (British Patent 16,588, April 25, 1892) de¬ 
scribing an apparatus consisting of a container having an inverted leaden case with 
partitions of sheet lead soldered together so as to form a case divided into parallel 
cells open only to the water at the bottom. The partitions of the cells separate the 
anodes and cathodes which are placed alternately and are insulated in the cells by 
means of combs made of suitable material. In 1896 Garuti and Pompili (British 
Patent 23,663, -Oct. 24, 1896) described an improvement on the former patent, 
involving the perforation of the diaphragms in their lower part by small holes as 
near as possible to each other. See also TJ. S. Patents to Garuti 534,259, Feb. 19, 
. 1895, .«iui Garuti and FompiU 629,070, July 18,1899. 
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not the gas. The perforations extend lengthwise along the lower 
edge of ehch compartment wall 3 inches from the bottom, forming a 
perforate strip 2| inches wide. An electrode 
is placed in each compartment and the elec¬ 
trodes are alternately positive and negative. All 
like electrodes are connected together. Each 
compartment is f inch in width and 30 inches 
long. The electrodes are insulated from the 
compartments and are prevented from coming 
in contact with the walls by means of small 
porcelain insulators. The gas from all of the 
Fio. 107. Compartments hydrogen-producing compartments is collected 
of the Garuti generator, ^ ggjj pj.(jpgf 

and is led through a water seal and to a header pipe and then to a 
gasometer. The oxygen gas is handled in a like manner. The cells 
as well as the container tanks and pipe lines are insulated from the 
ground. The pipe from the cell to the header pipe is insulated from 
the latter by means of a sleeve of rubber and glass.* 

Siemens Bros. & Co. and Obach devised the apparatus shown in 
Fig. 112, the principle being similar to that of the Garuti. The cast- 
iron vessel a is surrounded by heat-retaining material, in order that 
the temperature of the cell may be automatically raised and thus its 
ruuuing resistance lowered. A cylindrical iron anode / is separated 
from the encircling cathode g by a cylinder of wire netting c, held 
in place by the porcelain block k. The electrolyte is dilute caustic 
soda; the gases escape above from the spaces n and m. The whole 

• When the Garuti cell is first installed the efficiency will often be as high as 
6 cubic feet or so of hydrogen per kw.-hour, but the depreciation is said to be perhaps 
more rapid than in some other types of generators and in time the hydrogen output 
I.lay dro, to about 5 cubic feet. Thus under the normal operating amperage of 
360 or 400, from 2i to 3 volts per cell will be required. The rather rapid deprecia¬ 
tion of the generator is said to have held back its use to some extent. Owing to 
the lightness of the materials employed and also possibly because of insufficient 
electrode surface, the anode is liable to be attacked and eventually worn away. The 
minute particles of iron or iron compounds formed are said to have a tendency to 
be deposited on the cathode. The insulators, employed to prevent the contact of 
electrode with the compartment wall, form a convenient place of deposit for the 
iron particles with possible danger of causing a short circuit between the electrode 
and the compartment walls. If one compartment is short circuited the entire cell 
becomes “shorted" and this short circuit will cause the generation of mixed gas. 
The entire cell should be dismantled about once a year and cleaned with either a 
stream of water or by means of a sand blast. 

The American Oxhydric Company, Milwaukee, Wis., have had generators of 
the Garuti type in operation for several years. 
























548 


THE HYDROGENATION OF OILS 



Fiu. 108. Giu'uti generator. 



Eia. 109. Battery of Garuti generators. 
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Fio. 110. One form of the Garuti generator. 



Fio. 111. A modified form of the Garuti generator. 
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apparatus is set on insulating porcelain feet. The normal type of 
apparatus is built to take 750 amperes at 3 volts drop of potential, and 
furnishing eleven cubic meters of oxygen and twenty-two cubic 
meters of hydrogen per twenty-four 
hours, using up 162 kilowatt-hours.* i 

Fiersot describes t an apparatus of I 

Siemens and Halske for the electrol- "I 

ysis of water in which a 10 per cent 



Fig. 112. Fig. 113. Plan and elevation of 

Siemens Bros, and Obach generator. 

solution of potassium carbonate is used as electrolyte. One hundred 
and thirty-four grams of water are decomposed per kilowatt-hour. 
By heating the electrolyte the output may be increased by 8 per cent. 
The electrolytic oxygen thus produced is on the average 97 per cent, 
pure, while the hydrogen contains one per cent of oxygen. 

Another form of metallic diaphragm cell has been devised by 
Fischer, Loening and CoUins.J The generator consists of a tank 

• Jour. Franklin Inst. (1905), 392. 
t Electrochemical Ind. (1904), 28. 

X U. S. Patent 1,004,249, Sept. 26,1911. 
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containing an electrolyte in which an indifferent number of indepen¬ 
dent, preferably oblong, metallic cases are submerged. An illustration 



Fic, lit. 


of the case is shown in Fig. 114. The 
case is open at the bottom and is 
divided into a pair of cells by a 
metallic diaphragm. Electrical con¬ 
nections to the anode and cathode 
and exit pipes situated on the upper 
side of the case are provided for the 
removal of the gases. 

The apparatus of the Schuckert sys¬ 
tem * is constructed, with the excep¬ 
tion of the copper feed wires and the 
insulating material, entirely of iron. 
The coll proper of a unit designed to 
accommodate 600 amperes consists of 
a cast-iron trough (Fig. 115), approx¬ 
imately twenty-six inches long by 
eighteen wide and fourteen deep, re¬ 


quiring, when in operation, about 50 liters of electrolyte. In this trough 


are placed the iron electrodes. These are separated by strips of a good 


insulating material, extending from the top downward about three- 



Fio. 115. Schuckert oelL 


fourths the depth of the cell. Between these separating plates and 
enclosing the electrodes are suspended iron bells, which collect and 
carry off the gas there generated. The electrolyte is usually a 20 per 

• Electrochem. Ind. (1903), 579, 
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cent aqueous solution of pure sodium hydrate, although a 15 per cent 
solution may be used. The concentration is maintained by supplying 
to the cells an amount of distilled water equal to that decomposed and 
carried away mechanically by the gas. The loss of sodium hydrate 



Fig. 116. Longitudinal section of Schuckert cell. 


is inappreciable and may be entirely eliminated if the first wash water 
be used as feed water for the cells. The units may be connected 
either in series or parallel with a drop of potential between electnsh s 
of from two and one-half and three volts. The apparatus is operated 



Fig. 117. Cross section of Schuckert cell. 


most economically at a temperature of 70° C. When the cells are 
protected from radiation, as can be done, for example, by placing 
them on wooden boxes and packing them in one or two inches of 
sand, the heating effect of the passing current is sufficient.* 

* The Elcktrizitats-A-G. Vorm. Schuckert & Co. have taken out German 
Patent 231,54.5, Aug. 13, 1910, for the addition of .soai)s or soap-forming suhstanres, 
preferably emulsified soaps, and of ferric oxide to the alkaline electrolyte employed. 
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Fici. US. 



Fig. 119. 
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The standard types of apparatus are designed to take from 100 to 1000 amperes, 
and to furnish gas at a pressure equal to a water column of 70 to SO mm. For 
special purposes a coll delivering gas sustaining a water column of 760 mm. may be 
secured. The production of normal types of apparatus is about 150 liters of hydrogen 
and 75 liters of oxygen per kilowatt-hour when measured over water at atmospheric 
prcssui'e, and at 20° C. The attention required for a plant of this kind consists 
simply in supplying the requisite amount of water to maintain the concentration 
constant. When in continuous operation the positive electrode, which is made up 
of a sheet iron plate two millimeters thick, should bo replaced at the end of each 
year.* 

Fig. 118 shows the interior of a plant furnishing 1200 cubic meter.s 
hydrogen daily. Fig. 119 shows the exterior of this plant. An equip¬ 
ment for an hourly production of 4 cubic meters hydrogen is shown 
in Fig, 120. P'ig. 121 is a compression room for charging cylinders 
with oxygen at 150 atmo.spheres pressure. 



Fig. 120. 


A modified form of the Sehuckert cell, as shown in Figs. 122 and 123, comprises a 
container tank, constructed of welded sheet iron and a number of positive and nega¬ 
tive electrodes immersed in the solution. Eight separate bell castings are employed 
to house the electrodes and collect the gas as it is generated. These bell castings 
are made of ^ close-texture gray iron and are suspended from the top of the container 
tank by means of U-shaped steel supports. The container tank and the bell castings 


* See Sci. Am. SuppL (1913), 363. 
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play no part in the operation of the generator and are insulated from the electrodes 
and all eurrent-earrying metal. The electrodes are made of steel plate to each of 
which arc welded two steel rods, both rods serving as terminals as well as supports 
for the electrode, holding it in position w’ithin the boll casting. The electrodes are 
alternately positive and negative. All of the positive electrodes are connected 
together by means of bus bars across the top of the tank and are led to a eommon 
terminal. The negative electrodes likewise are connected together and led to a 
common terminal. Each bell ca.sting is tapped for an eduction pipe to draw off 
the gas as generated. The four hydrogen pipes are connected together as shown 
and arc led to the hydrogen pipe line connecting a battery of generators. The 
oxygen pipes arc connected Ukewisc. The electrolyte fills the container and owing 
to its height above the electrodes the gas is generated under an appreciable pressure 
amounting to approximately one pound per square inch. 



Fig. 121. 


The novelty that distinguishes the Schuckert cell from the majority of other gener¬ 
ators is the absence of any diaphragm in the construction. While a diaphragm is 
actually not used, still the sides of the bell castings act in the capacity of a diaphragm 
to prevent the mixing of the gases. 

The working efficiency of the Schuckert cell under normal conditions of temper¬ 
ature is said to average from 4.5 to 5.5 cubic feet of hydrogen per kilowatt-hour of 
electricity passed through it. Or, in other words, the voltage required to force 400 
to 600 amperes through each cell will vary from 2.9 to 3.5 according to the condition 
of the plant. The Schuckert generator was one of the earliest placed on the market 
and at the present time three plants of this type are reported in use in the United 
States. Too high an amperage results in so rapid an evolution of gas that there is 
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a tendency under tlusic condilioiiH 
for the gas ni one chamlx!!’ to he 
forced down and under the wall 
of the next i)artition which, <.t 
course, will result in mixed gas or 
the escape of gas into the gen¬ 
erator room. 

iVnothcr difficulty said to be 
met with in operating under high 
amperage is the wearing away 
of the anode, charging the elec¬ 
trolyte with small particles of 
iron compounds which show a 
tendency to be attracted to the 
cathode and gradually form a 
dei)osit. These accretions have 
been known to build across the 
space between the electrode and 
the bell castings causing short- 
circuiting and permitting the bell 
castings to become charged, with 
consequent evolution of gas on its 
outer side and the escape of gas 
into the generating room.* 

Details of construction of an electrolytic ajjparatus for the production of hydro- 

* The Schuckert apparatus is supplied by the Elektrizitiits-A-G. Vorm. Schuckert 
& Co., Nurnberg. In a private communication they state that an electrolyzer 
battery, capable, when running at a temperature of 50° to C0° C., of producing hourly 
10 cubic meters of hydrogen, yields the gas of 99.5 per cent purity. For this equip¬ 


ment they quote: 

Electrolyzer. S2350 

Caustie soda (containing a little chlorine and sulfur) 1450 kilos .. 410 

Insulating material. 100 

2 scrubbers, driers, and safety devices, pressure regulators and 

gauges. 250 

2 gas-purifying stoves. 500 

Packing for over seas and freight. _ 240 

Total. 83850 

Other'auxiliaries are: 

2 gas holders (10 and 20 cubic meters). $2000 

■Wooden staging and boxes to eontain the battery embedded in 

sand for protection against loss of heat. 200 

Compressors. 2850 

W&tor-distilling apparatus. 200 

Miscellaneous. 525 


The temperature of the electrolyzer room should be maintained at least at 15° C. 
In cold weather it must be heated. 

Andectrolytic hydrogen and oxygen generator of the bell-collector type is de- 
Bcribe4.by Benker (J. K. C. I., 1914, 256, and French Patent 461,981, Aug. 29,1913). 
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gen and oxygen are given by Van Scoyoc (U. S. Patent 813,844, Feb. 27, 1906), 
in which the operation is rendered continuous by the use of automatic float-valves. 
The level of the acidulated water in the electrolyzer is maintained constant by 
means of a float-valve in the supply pipe. The two electrodes are placed in two 
compartments which are open at the bottom. Each compartment is divided 
into a lower and an upper chamber, connection between the two being made by 
automatic float-valves. When the pressure of the gases generated in the lower 
chambers becomes great enough to lower the level of the water, the valve is opened 
and the gases pass into the other chamber and then into gas bags. 

Aigner* charges an alkaline electrolyte into an iron vessel G, Fig. 125, 
in which an iron drum T rotates, the outer surface of the latter being 
amalgamated. 

The upper part of G is divides! into two compartments R and Ri by the jiarti- 
tion .S', which extends downwards nearly to the drum T. The oxygen and hydro¬ 
gen are led off through separate outlets in the 
cover D. The electrolyte is introduced and with¬ 
drawn through the opening L. At the anode A 
hydroxyl ions are depolarized, with formation of 
water and gaseous o.xygen, the latter escaping into 
the compartment R, while an equivalent quantity 
of sodium ions is depolarized and combines chem¬ 
ically with amalgam on the surface of the drum 
adjacent to the anode. When this portion of the 
drum comes below the cathode K hydroxyl ions 
are depolarized with formation of sodium hydrox¬ 
ide, the sodium being redissolved from amalgam, 
while sodium ions are depolarized with formation 
of sodium hydroxide and gaseous hydrogen. 

The electrodes of the Cowper-Coles 
generator f consist of metallic sheets pro¬ 
vided with tongues, which project down- Fm 125 , 

wards at an angle of about 45 degrees with 

the faces of the sheets. These electrodes are placed in separate 
collecting boxes or chambers, the liberated gases being guided into 
the latter by the inclined tongues of metal which project within 
openings in the sides of the chambers. A battery of generators may 
be enclosed in a water jacket and provided with means for keeping 
the solution in each cell at a common level. 

Dinsette (French Patent 391,793, Sept. 6, 1907) has devised an arrangement for 
feeding water vapor into the zone of an electric arc produced in a gas-tight electric 
furnace, by passing water through the lower, vertical, carbon tube, which constitutes 
one of the electrodes. The furnace communicates by means of a valve with a reser¬ 
voir, into which the hydrogen and oxygen produced by dissociation pass. The 
oxygen may either be absorbed by a suitable reagent, or the two gases separated by 
diffusion through a porous earthenware vessel. 

♦ German Patent 198,626, Nov. 13, 1906. 

4. n-itSoi. Ootsnt 1XOS1; rv>n on ion? 
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All electrolyzer for the production of jnirc hydrogen and oxygen 
which is suggestive of the Schmidt typo has been designed by Eycken, 
Leroy and Moritz.* The electrode plates are built up with separating 
diaphragms of asbestos, in the form of a filter-press. Openings in the 
top of each plate form two channels for the escape of the gases. The 
gases are kept at a pressure above that of the atmo.sphere, rendering 
the danger of accidental mixing remote. The electrodes and dia¬ 
phragms are kept clean by making the first electrode hollow, and in 
the form of a large reservoir, in which the sediment accumulates and 
from which it may be removed from time to time. This reservoir is 
divided into two parts, into which the gases pass, through the electro¬ 
lyte, the pressure being maintained constant, and the delivery of the 
gases regulated by two floats and balanced valves. 



Siegfried Barth of Dusacldorf builds “oxhydrogenerators” constructed in accord¬ 
ance with the foregoing system. The parts of the generator are very heavy so that 
durability is insured. The electrode plates are insulated by extra heavy, almost 
'udestru t'ble, diaphragms. Avery powerful circulation of the electrolyte over the 
surface of the electrode is obtained, resulting in an efficient removal of the gas 
particles which otherwise would cling to the electrodes for a considerably longer 
period. Great pains have been taken to guard against mixing of the gases so as to 
procure pure products. Caustic soda or potash in distilled water is used as the 
electrolyte. When used uninterruptedly, the cell becomes warm and its output is 
improved, and for intermittent operation a steam-heating arrangement is attached 
to the generator so that it may be heated quickly and brought to full capacity with¬ 
out loss of time. The ordinary type of this generator is made to deliver both hydro¬ 
gen and oxygen under a pressure of about 50 to 80 cubic meters water column, but 
special forms are furnished which operate under a pressure of about 4 kilos (8 to 
9 pounds). A generator having an output of 6.6 cubic meters of hydrogen and 3.3 
cubic meters of oxygen per hour, requiring 160 amperes at 250 volte is 4.4 meters 

* French Patent 397,319, Dec. 9, 1908. 
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long, 0.72 motor wi(l(.', and 2.05 motors in Uoight, and woiglits 0000 kilos; the oost 
being $2175. (Fig. 120.)* 

Another apparatus of the filter-press type f is designed especially 
to produce the gases at relatively high pressure without the purity of 
the product being affected. Fig. 127 shows a form of electrode plate 
and Fig. 128 a view of one end of the generator, showing a collecting 
tower with regulator float and a series of pl.ato electrodes. J § 

The electrolytic cell of Tommasini as shown in Fig. 129 contains 
vertical anodes 6 and cathodes in the form of 
inverted U-shaped receptacles 5. The outside 
of these receptacles 5 is covered with an insu¬ 
lating apron 7 which extends to a point above 
the liquid line, and to a point below the lower 
edge of the cathode 5 proper, so that an over¬ 
hanging apron 8 is provided. The gases evolved 
at the plates 6 and accumulated in the top of 
the inverted receptacles 5 are conducted off sep¬ 
arately, the hydrogen passing through the pipe 
12 into the safety device 14. The height of 
water is less in the safety device 14 than in the 
receptacles 5, so that when the 
pressure of the hydrogen gas 
becomes so great as to tend to 
press the fluid out of the cham¬ 
bers 5 (which would result in 
the mixing of the hydrogen with 
oxygen) the pressure of the hy¬ 
drogen gas will first press the 
water out of the receptacle 19 
and pass out of slots 20, so as to relieve the pressure in the receptacles 
5. The aprons 8 at the bottom of the compartments 5 also prevent 
mixing of the two gases. || 


Fig. 127. 



* A multiple-cell electrolytic generator has been patented by Levin, U. S. Patent 
1,094,728, April 28, 1914, assigned to the International Oxygen Co. 
t Moritz, U. S. Patent 981,102, Jan. 10, 1911. 

} In the generator of L’Oxhydrique Francaise (French Patent 459,967, Sept. 21, 
1912, and addition, June 25, 1913), the diaphragm of each element is composed of 
asbestos fabric, which is nipped between two wooden frames. The latter are bored 
so as to provide conduits for the evolved gases and the electrolyte. The electrodes 
are composed of light sheet iron, grooved or corrugated, so as to possess as much 
active surface as possible. The electrodes may be nickelled on their anode sides. 
The apparatus comprises a series of such elements. 

§ ^ also U. S. Patent Reissue 13,643, Nov. 11, 1913. 
il-(U. 8. Patent 1,035,060, Aug. 6, 1912. 
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BuSa (Filcctrician (1900), 40) states that one of the chief difficultios met with in 
the electrolysis of water on the larger scale is the mixing of the oxygen and hydro¬ 
gen given off at the two electrodes. If, in order to avoid this mixing, a diaphragm 
be introduced, the resistance of the coll incrciiscs to such an extent that the efliciency 
of the apparatus is seriously reduced. A better rnethod is to use metallic septa; 
these separate the two gases perfectly, and act as intermediate electrodes. Since 
the reduction of voltage, both from the anode to one side of the septum and from 
the other side of the septum to the cathode, is insufficient to cause decomposition 



Fio. 129. 


of the water, liberation of the products of electrolysis does not occur at either sur¬ 
face of the metallic septum, but is confined to the electrodes proper. In practice, 
iron electrodes in a 11 jier cent solution of caustic soda have been found to be most 
convenient and economical. The electrolyte is covered with a film of mineral oil, 
in order to prevent absorption of carbon dioxide from the air. It has been observed 
that the same protective action is afforded by a film of water vapor, which obtains 
when the temperature of the electrode is fairly high; when, however, the temperature 
droiM to 10° C. or under, absorption of carbon dioxide takes place rapidly. 

With the object of completely preventing admixture of the two 
gase.s and at the same time keeping the electrical resistance low, 
Vareille arranges the electrodes as shown in Fig. 130. Vertical rows 
el V-shaped troughs arc provided with suitable insulation and serve 
to separate the positive and negative electrodes which are placed on 
opposite sides. The extremities 20 of these troughs are lower than 
the ends of the electrodes 13, so that the bubbles of gas coming from 
the latter cannot mix. The electrodes are both insulated from the 
container.* 

In a modification, the troughs, described above, for the separation of the electrodes 
are replaced by vertical series of elements each of triangular section, and either solid 
or hollow. Each electrode consists of a sheet, with U-shaped pieces bound on each 
side with rivets. The gases are collected in bells, either stamped out of sheet metal 
or consisting of sheets cut out and folded, and united at the angles by autogenous 
soldering, t 

* French Patent 355,652, June 27, 1905, and U. S. Patent 823,650, June 19, 1906. 

t First addition, Oct. 28, 1908, to French Patent 355,652. 
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Water is made iiuirc conductive!, according to McCarty (U. S. Patent 73(5,808, 
Aug. 18, 19031, by tlic addition of tartrate of potas.sium, tartrate of sodium, or any 
of the citrates or other equivalents, and sulfuric acid. The apparatus (U. S. Patent 
721,068, Feb. 17, 1903) consists of two tanks, connected by a pipe at about half 
their height. Each tank consists of an electrode, so located that the upper end.s 
are about in a line with the axis of the connecting pipe, through which the current 
passes from one tank to the other. Each of the two tanks has an outlet at the top 
through which the gases generated may be led to suitable holders. 



Another apparatus (McCarty, U. S. Patent 816,355, March 27, 1906) consists 
of two receptacles, each containing one electrode and connected by a conduit near 
the bottom. Each electrode is a plate of platinum coiled upon itself a number of 
times and has a projecting terminal portion directly opposite the end of the conduit. 
In still another type (McCarty, 814,155, March 6; see also 813,105, Feb. 20, 1906) 
the electrolytic cell is divided into two compartments by means of a solid diaphragm, 
which is perforated, short glass tubes being inserted in each perforation. 

The Burdett system * of electrolytic apparatus consists of a varying 
number of generators or units, connected electrically in series. The 
unit, Fig. 131, comprises a container enclosing the electrodes and electro¬ 
lyte, but the walls of the container do not function as electrodes. It 
is usually mounted on concrete foundations and is insulated both from 
the ground and from the generator proper. The electrodes are ar¬ 
ranged on the multiple system, there being a number of both positive 
and negative electrodes in each unit. The electrodes are separated 
from each other by a partition of specially-prepared asbestos cloth 
which under the conditions of operation is permeable to the solution 
but not to gas. 

• U. S. Patent to Burdett, 1,086,804, Feb. 10, 1914. 


















HYDHtHilOX ]5Y THE ELECTROLYSIS OF WATER 


563 


A bell or box casting, open at the bottom, is used for housing the 
electrodes and the asbestos diaphragm is stretched across the box 
casting from one side to the other, forming a number of compartments. 
In each of the compartments an electrode is placed running parallel 
to the asbestos curtain or diaphragm. The electrical connections are 
so arranged that commencing with and including the first electrode, 
every other electrode is a cathode, the alternate electrodes being 
anodes. At the top of the container the electrode terminals are joined 
by means of copper bus bars, thus bringing all the anodes to a common 
anode terminal and all of the cathodes to a similar connection. 

The gas generated at the electrodes rises and is collected in the 
separate gas-tight compartments. These compartments are joined 
by two cored gas passages in the bell casting and the gases pass through 
these passages into and through glass indicators and purgers to the 
gas mains. Inserted in each of the service mains is a gas meter, a 
flash-back, and a water purger which removes the water held in sus¬ 
pension in the gas and at the same time acts as a pressure regulator 
for the generators. Purifiers arc; usually inserted in each line to 
cleanse the gas. The hydrogen and oxygen are led to their respective 
gasometers and from there arc compressed into storage tanks for use. 
By means of controls the compression may be taken care of auto¬ 
matically.* 

The automatic control feature of the Burdett apparatus is useful. 
By means of electrical regulating devices the entire electrolytic equip¬ 
ment is under automatic control. It also serves as a safety device, 
preventing over-generation of gas or undue pressure on any parts 
of the apparatus. The compressor, when the collecting gasometer 
reaches a predetermined height, will automatically start, and will 
stop when the gasometer falls to a predetermined level. Electric 
control is provided which will stop the motor of the compressor 
when ihe storage tank pressure reaches a certain point, starting the 
motor when the pressure falls again, and another control is provided 
which will stop the generation of gas when both gasometer and storage 
tank are charged to their full capacity. 

Fig. 132 shows a battery of Burdett generators and Fig. 133 illustrates 
a complete equipment embracing motor-generator, gasometers, storage 
tanks and automatic control devices. 

Each generator operating under a current of 400 amperes will produce in excess 
of 6 cubic feet of hydrogen and one-half this amount of oxygen per hour, or in round 
numbers, l.TO cubic feet of hydrogen and 75 cubic feet of oxygen per 24rhour day 

• The author is indebted to Mr. Paul Pleiss for a description of the Burdett 
generator, also for some data on the Garuti and Schuckert cells. 
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with the gaa measured at 20° C. and 760 mm. It is desirable to operate the plant 
as continuously as possible and a run of 23 or 24 hours per day is recommended. 

Each cell operating under normal conditions will require, with a solution temper¬ 
ature of 80° F. about 2 volts for the passage of 400 amperes. Thus each cell requires 
about 800 watts (0.8 kilowatt-hour) per hour to produce about 6 cubic feet of 



Fig. 132. 


hydrogen per hour. The efficiency of the generator is therefore high. If the cell 
generator be artificially lieatod the consumption of e!(*ctri(;ity may bo dc'creased 
by about 10 per cent v.ith a corresponding increase in tin* efficien(ty of the unit. 
The hydrogen will average in purity 99 per cent or higher. 



Fig. 133. 


Electrolytic apparatus designed by Hazard-Flamand * is shown in 
Fig. 134. Between the inner and outer electrodes a porous diaphragm 
is inserted and a fluid seal is disposed about both sides of the top of the 

* U. S. Patent 1,003,456, Sept. 19, 1911, assigned to the International Oxygen 

Co. 
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diaphragm and is composed of an outer seal and an inner seal, con¬ 
sisting of two concentric troughs one within the other. The elec¬ 
trolyte is fed into the inner trough, passes to the outer trough and 
is delivered from the latter on both sides of the diaphragm.* 



The I. 0. C. System (International Oxygen Co.) is a well-standard- 
w,ed method of generating hydrogen and oxygen. The electrolytic 
cell U!^' '1 is very simple, an outside view being given in Fig. 135 and a 
diagram in Fig. 136. The iron tank or container serves as the cathode, 
being connected to the negative pole of the electric supply circuit. 
From the cover of this tank is suspended a perforated tank which 
serves as the anode, being connected to the positive pole of the supply 
circuit. It is made of a specially selected low-carbon steel, to pre¬ 
vent the formation of spongy rust. By means of an asbestos sack, 
suspended from the cover between anode and cathode, two separate 
compartments are formed. At the top these compartments are 
sealed by a hydraulic joint. Through an opening in the cover a solu¬ 
tion of caustic alkali in distilled water is poured into the hydraulic 

• See also U. S. Patent 646,281, March 27,1900, to Hazard-Flamand. 
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Fig. 135. 









HYDllOGKX BY THE ELECTROLYSIS OE WATER 567 

joint and distributed in the two compartments. The whole cell is 
placed on insulating supports of porcelain. 

The oxygen and hydrogen gases evolved do not pass directly from 
their compartments to the off-take pipes, but first bubble through 
water contained in the two “lanterns” on top of the cell. They enable 
the operator to see at a glance how the cell is working. The purity 
of the gases produced is very high. A sample of hydrogen produced 



'.y thif .-lectrolyzer, analyzed by the Conservatoire National des Art 
et Metier in Paris, showed 99.70 per cent hydrogen, the fraction of 
the impurities being so small that they were not examined. 

All that is required for the operation of the cell is the daily addition 
of somewhat over a gallon of distilled water to make up for the quan¬ 
tity decomposed into hydrogen and oxygen. The daily output is 
approximately 72 cubic feet of oxygen and 144 cubic feet of hydrogen. 
As to the electrical energy requirements a joint test * made in Novem¬ 
ber, 1910, by the Laboratoire Centrale dc I’Electricite and the Con¬ 
servatoire National des Arts et Metier with two unit cells of this type 
of electrolytic cell showed that the production of I cubic foot of oxy- 
♦ Met. and Chem. Eng. (1911), 471. 












568 


THE HYDROGENATION OF OILS 


gen and 2 cubic feet of hydrogen requires 0.2797 kilowatt-hour. Re¬ 
versely 1 kilowatt-hour produces 3.54 cubic feet of oxygen and 7 cubic 
feet of hydrogen. Each unit cell requires a little above 2 volts and 
from 300 to 400 amperes. A current of 350 amperes produces about 
65 cubic feet of oxygen and 130 cubic feet of hydrogen per day. 



Fia. 1S8. 


The followinR table gives the results of a test recently made by the Electrical 
Testing Laboratories of New York for the International Oxygen Co. 
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8. 

405.1 

2 388 

967 

31.8° C. 

97.73% 

3.247 

6 184 

3.358 

6.395 

14. 

405.0 

2.562 

1038 

30.0°C. 

98.67% 

3.239 


3.120 


66. 

368.8 

2.826 

1042 

32.0° C. 

98.46% 

2.886 

5.7881 

2.770 

5.555 

70. 

,392.0 

2.660 

1043 

26.5° C.' 

98.50% 

3.082 

6.254 

2.955 

5.900 

Average. 

392.7 

2.609 

1022 

30.1°C. 

98 .'34% 

3.114 

6.075 

3.051 

5.950 
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The four cells tested were selected as being representative of the entire battery 
after taking a set of preliminary electrical measurements on each of the cells. 

All of the data given herewith are from readings as actually observed and cor¬ 
rected for instrument errors. Gas volumes are corrected for moisture and calculated 
to 20° C. and 7C0 mm. 



Fig. 139. 

The main item of operating expense is the cost for the electric current. In New 
York City the wholesale rates are higher than in many other large cities and vary from 
5 to 3 cents per kilowatt-hour, according to the size of the plant; since 1 kilowatt- 
hour produces about 3 cubic feet of oxygen and 6 cubic feet of hydrogen, the electric 
power cost for producing 1000 cubic feet of oxygen and at the same time 2000 cubic 
feet of hydrogen would be between $16.70 and .$10.00. However, in large manu¬ 
facturing plants which have their own power houses the cost of energy is much 
less; thus it is known that at the South Chicago works of the U. S. Steel Corporation 
the electrical energy supplied to the electric furnaces is charged at the rate of half 
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a cent per kilowatt-hour. At this rate the electric power cost for producing 1000 
cubic feet of oxygen and 2000 cubic feet of hydrogen would be SI.67. 

Besides the electric power cost there is the cost for distilled water and for attend¬ 
ance. The latter is a small item, and the cost for the distilled water which must be 
added to the cells to make up for the water electrolyzed may be calculated from 
the fact that a little over 6 gallons of distilled water are required to produce 1000 
cubic feet of hydrogen. 

One of the objections advanced against the electrolytic system is 
the relatively large floor space which it occupies, and to obtain an 
apparatus of a durable yet compact character the author has designed 
a generator having T-shaped ribs on both anode and cathode, afford¬ 
ing a large generating surface without excessive bulk. Fig. 138 shows 
a form of anode and Fig. 139 the assembled generator.* 

A description of the Bettendorf, Iowa, Plant is given t as a typie.al electrolytic 
oxyhydrogen plant. Fifty generating cells are connected in aeries across a 110-volt 
direct current line, each cell requiring 400 amperes at 2.2 volts and producing 
about S-.l cu. ft. of oxygen and 7 cu. ft. of hydrogen per kilowatt hour. The output 
per twenty-four hour day is 4000 cu. ft. of oxygen and 8000 cu. ft. of hydrogen. 
The oxygen is 99.5 per cent and the hydrogen 99.9 per cent pure. The gases are 
stored in large tanka and for shipment they are compressed at 1800 lb. per square 
inch into 100 or 200 cu. ft. steel cylinders. The current tor the cells is obtained by 
means of a motor generator set: 440-volt 3-phase, fiO-cycle induction motor con¬ 
nected to a 50-kilowatt shunt wound, commutating pole generator. A 20 horse¬ 
power boiler furnishes distilled water tor the cells. 

An electrolytic oxygen and hydrogen plant put into operation } by the National 
Ox-Hydric Co., of Chicago, at the works of the Fore River Shipbuilding Corporation, 
Quincy, Mass., is simple to operate, requiring the attention of only one man to a 
shift, the plant being run continuously by three men in three eight-hour shifts. 
The plant consists of a 75-horse-power Bessemer crude-oil engine, belt-connected 
to a d.l-kilowatt direct-current generator; one of the National Ox-Hydric Co.'s 
electrolyzers, producing 3500 cu. ft. of oxygen per twenty-four hours and twice that 
amount of hydrogen; suitable gasometers, compressors, motors, and switchboards 
for control. The oxygen and hydrogen, after lieing produced from the electrolyzer, 
pass into steel gasometers of 2000 cu. ft. capacity each. The National electrolyzer 
is of the improved filter-press type and ennsists of a number of decomposition cham¬ 
bers connected in series. The.se chambers are formed by clamping together a 
series of cast-iron electrodes so recessed and grooved that each plate forms, with 
its neighbor, a chamber which holds the electrolyte, and in which the generation of 
the gases takes place. The electrodes are insulated one from the other by means of 
rubber-bound asbestos diaphragms. The electrodes and diaphragms arc arranged 
alternately and are support^ by the insulated frame of the filter press. The required 
number of electrodes and diaphragms with the corresponding end plates are then 
pressed tightly together by means of a heavy screw standard, thus making the whole 
equipment form a hermetically sealed tank, the diaphragms serving both as an 
insulation and gasket, and serve to form the sides of the cells, preventing mixture of 

* TJ. 8. Patent 1,087,937, Feb. 24, 1914. 
t Elee. Rev. West. Elec., 66, 1170, 1915; Chem. Abs., 1916, 2189. 
t Met. Chem, Eng., 1916, 288, 



HYDROGEN BY THE ELECTROLYSIS OF WATER 


571 


the two gases generated. The fact that the electrodes are thus separated by the 
diaphragms causes one side of the plate to act as the anode of one chamber and the 
other side as the cathode of the adjacent ehamber. The electrodes are composed 
of a special alloy, and are heavily coated with nickel, which prevents the formation 
of deposits or the oxidation of the electrodes themselves. The electrolyzers are 
designed for any standard direct current circuit, or with the use of a motor-generator 
set, for any of the standard alternating current circuits, thus doing away with the 
inefficient low voltage, high amperage equipment necessary with the individual-cell 
type installation. These electrolyzers are stated to occu|)y about one-fifth the 
floor space required by the individual cell type. The electrodes themselves are 
made w'ith corrugated surfaces, increasing the active electrode surface and forming 
a large number of very small vertical channels through which the gases rise freely 
to the upper part of the plates. At the top of each electrode and hermetically 
scaled together are chambers in which the gases are separated from the electrolyte. 
From these chambers the gases pass off into ducts extending through each plate, 
these ducts forming continuous conduits, owing to the manner in which the plates 
are assembled. The electrolyte is a 21 per cent solution of pure caustic potash in 
distilled water. After the electrolyzers are once filled with this solution, distilled 
water is added from time to time to take the place of the water decomposed; the 
potash lasts many months. The distilled water is fed to the electrolyzer by an 
automatic device which maintains a constant level of the electrolyte throughout 
I he machine. Fnder normal load conditions, the voltage required per cell is two 
volts or less. Therefore, to operate on a 110-volt circuit an electrolyzer containing 
55 cells is necessary; and on the same basis, 110 cells are necessary for a 220-volt 
circuit. The iiositive pole of the direcf-current dynamo is connected with the first 
electrode in the series, and the negative pole is connected to the last electrode of the 
series. The apparatus is provided with one collector for hydrogen and one for oxy¬ 
gen, whereas, the individual-cell type system must have a separate draw-off, or 
collector, for each cell in use. Assuming continuous operation and normal load 
conditions as specified, the electrolyzers yield 4 cu. ft. of oxygen and 8 cu. ft. of 
hydrogen at atmospheric pressure per kilowatt hour of power consumed when the 
plant is oixjrated at a temi)crature of 68° F. 

The International Oxygen Company has developed a new style 
oxygen and hydrogen generator of the filter press type under the name 
of the I.f' 0. bipolar generator.* Sec Figs. 139a, 1396 and 139c. 

The unit type of generator produces 3.2 cu. ft. of oxygen and 6.4 cu. ft. of hydrogen 
per clock hour and 4 cu. ft. of oxygen and 8 cu. ft. of hydrogen per kilowatt hour. 

The l.O.C. Bipolar Generator consists of a series of metallic plates (electrodes) 
clamped together in a heavy frame, electrically insulated from one another and sep¬ 
arated by diaphragms of porous fabric. Each pair of these electrodes forms a closed 
cell, divided by the diaphragm. These cells are filled with an alkaline electrolyte 
(caustic potash or soda). An electric current admitted at one end plate passes on 
through the plates and the solution to the other end plate. In its passage, it de¬ 
composes the water in the solution into the two gases—oxygen and hydrogen which 
are released on opposite sides of each plate and emerge upward into the gas offtakes. 

* Levin; U. S. Patent No. 1,094,728; French Patent No, 467,945, Jan. 31.1914; Brit- 
iah Patent No. 3,654, Fob, 12,1914; Met. Chem. Eng., 1916, 108; U. S. Patent No. 1,199,- 
472. 
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The minglinp! of the oxygen and hydrogen in eacli cell or compartment is prevented 
by the diaphragm which, as the gases are released and withdrawn, the solution is 
automatically replenished from a supply tank. The operation is continuous so long 
as current and electrolyte are supplied. In the smaller type of generator, the elec¬ 
trodes are carried on two steel rods supported on two heavy end pieces or pedestals 
of cast iron. In the larger generator, the side rods .are replaced by steel bars. The 
construction is one of extreme rigidity, absolutely iiroof against, any distortion and 
consequent disarrangement of electrodes, with resultant leakage. The electrodes 
are clamped together by a heavy screw working in t he rear support. A hall thrust 
bearing is interposed between the end of the clamping screw and the rear end plate, 
contributing to the tightness of the generator hy doing away with the tendency of 
the electrodes to “ ride up ” from the side bars under screw pressure. The elec- 



Fia. 139o. 

trodes are of a special design,* the anode side being heavily nickeled, while the 
cathode side is of commercially pure iron. The surfaces of the electrodes carry ver¬ 
tical corrugations which are interrupted by a large number of depressions to facilitate 
the flow of electrolyte into the cell and the release of the gases from it. At top and 
bottom of each electrode are two openings communicating by a cored channel 
with opposite sides of the plate. Those at the bottom are for the water intake and 
those at the top are for the gas offtake. Each half of each cell (separated by the 
diaphragm) has its own independent water intake and gas outlet, so that there can 
be no possibility of the two gases mingling through these channels. Any gas leakage 
which may occur between the electrodes escapes to the open air and not into the 
adjacent cell or into the gas offtakes. The diaphragms are of especially prepared 
asbestos fabric. All around the edge of this fabric is moulded a packing rim of pure 
rubber which rests in a recessed groove on the face of the electrode. 

In a generator of this kind, an essential of jxiwer economy is that all the current 
•U. S. Patent to Levin, No. 1,153,168. 
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supplied the machine shall pass through the electrolyte and none of it be by-passed 
through the metal of the machine or through the water inlets and gas outlets. The 
electrodes are insulated from the side bars of the frames by porcelain insulators. 
The electrodes arc insulated from one another by the pure rubber packing rim 
surrounding the diaphragm, and by nipples of pure rubber inserted in the water 
intake and gas offtake shoulders of the electrodes. These nippira, when the appa¬ 
ratus is closed, meet one another and not only insulate the electrode shoulders but 



Fig. ISOh. 

also provide an insulating tube in the interior of the water intakes and gas offtakes. 
The gases rising from the electrodes and entering the gas offtakes, carry with them 
a small percentage of the electrolyte which, if allowed to enter the external piping 
system, would “ ground ” the apparatus and jiermit the escape of current. To 
guard against this contingency, there is provided in the gas offtake system insu¬ 
lating pipe sections, each consisting of two sections of heavy glass tube clamped 
between iron flanges and so devised as to intercept and drain off through an insu- 
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lating connection the moisture entrained in the gases. The gases go through these 
insulators substantially dry and free from electrolyte. The nickel anode and iron 
cathode have been found to materially facilitate the electrolysis, and to lower the 
over-voltage. Incidentally, these bi-metallic electrodes prevent the formation of 
rust and oxides which would shorten the life of the apparatus. The design of the 
generator is such as to retain within the apparatus most of the heat produced as a 
result of the resistance to the flow of electricity. This keeps the electrolyte and 
the electrodes at a comparatively high temperature, which adds to the efliciciicy of 
the electrolytic process. On the front of the generator are two tanks with glass 
water-level indicators, which carry the solution. Pipes descend from these tanks 



Pig. 139c. 

to a water-feed manifold which branches into two pipes connecting independently 
to the two water intakes to the cells and also into two risers leading to two inde¬ 
pendent gas domes above. Into these domes, the oxygen and hydrogen are sepa¬ 
rately discharged as generated, the gas offtakes opening through an inverted “ U ” 
below the fluid level. The proper fluid level is automatically maintained through¬ 
out the system. The two independent water intakes to either side of each elec¬ 
trode prevent mingling of oxygen and hydrogen through the water supply. The 
t#o gas off-takes discharge into the two independent gas domes already referred to, 
the gas emerging below the fluid surface through an inverted “ U.” The pressure 
on both gases, clear back to the individual cells, is the same—this being controlled 
by the hydrostatic head in the domes through which the gases pass. The gases 
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escaping from the gas offtakes rise through the fluid in the gas domes and pass out 
through discharge pipes at the top of the domes—thence downward to purgers on 
either side. These purgers are closed Iwxes of cast iron filled with water to a certain 
level. The gases escape below the surface of the water, and pass upward through 
it into the supply lines to the gas holders. The function of these purgers is to catch 
any entrained electrolyte in the gas, to cool the gas, and to act as a water-check- 
valve protecting the pressure system of the generator from any undue pressure of 
the gasholders. A signal whistle is provided which gives notice when the level of 
the solution in the generator falls below the prescribed level. Glass sight-feed indi¬ 
cators on the solution tank and gas domes show the fluid levels and reveal the gene¬ 
ration of the gases. Gauge glasses connecting with the electrodes at intervals along 
the generator show the fluid levels in the body of the apparatus. 

Shriver * recommends an apparatus composed of several fiat plates, 
forming the electrodes, bound face to face to form a cell of the filter- 
press type, each of the plates being recessed centrally to form a cell 
between the faces. A diaphragm is arranged between each pair 
of plates to separate the gases formed on the faces of adjacent plates, 
the gases being led from the recessed portions to closed gas chambers 
above, through ducts in walls separating the chambers and recesses. 
The gases are conveyed from the gas chambers to horizontal ducts 
extending through non-recessed parts of the plates from face to face, 
so that the recessed portions may be completely filled with liquid to a 
level nonnally higher than the horizontal ducts, without fear of the 
electrolyte entering the gas duets, f 

An illustrated description of the Oerlikon (Schmidt) electrolyzer for 
the commercial production of oxygen and hydrogen is given in Elec- 
trochem. Z., 22, 27-42,1915; Chem. Abs., 1915, 2190. 

An electrolytic apparatus, of the filter-press type, designed by Dohmea,} is 
composed of a series of cells, each comprising a thin quadrilateral wrought-iron 
frame having a single central opening, and with two passages through the top of 
the frame. A detachable sheet metal electrode is secured in the opening of the 
frame, and me top of the latter is also provided with two gas-separating chambers 
one at each end. The chambers extend laterally in a downward direction to the 
active faces of the electrod«i for conducting the gases from opposite sides to the two 
passages. 

A hydrogen generator of the unit or sectional type placed on the 
market by the International Oxygen Company offers advantages as 
regards compactness, high efficiency, low cost and flexibility. Fig. 139d 
shows a single section or unit and Fig. 139e indicates the method of 
assembling the sections. 

Although of the single unit type, the cell is but 3§ in. thick and in 

» U. S. Patent No. 1,181,549; J. S. C. I., 1916, 1023. 
t See also U. S. Patent No. 1,239,530, Sept. 11,1917; J. S. C. I., 1917.1138. 
t U. S. Patent No. 1,211,687. Jan. 9,1917; J. S. C. I.. 1917, 296. 
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consequence 100 colls can be slacked in a lengthwise space of less than 
30 ft. The cells arc approximately 3 ft. C in. wide and as installed are 
not in excess of 6 ft. high. They occupy less space than the filter press 
type. These unit cells when operating at their normal current of 600 



Pio. 139A 


amperes will produce 4.8 cu. ft. of oxygen and 9.6 cu. ft. of hydrogen 
per clock hour. They require 2.22 volts per cell which establishes a 
KWH. efficiency of 3.65 cu. ft. of oxygen. When operated at a current 
leas than 600 amperes the electrical efficiency is considerably increased 
bat the capacity is decreased and when operated in excess of 600 am- 







HYDROGEN ]5Y THE EI.ECTROEYSIS OF WATl'lR 


577 


peres there is an increase in capacity but a slight falling off in electrical 
efficiency; 600 amperes has, therefore, been adopted as a compromise 
between initial cost of installation and operating cost. 

As indicating the flexibility of this equipment there is tabulated 






Fig. 139c. 


below, the approximate performance at currents up to as high as 1000 
amperes. 


Current. 

Volta per Cell. 

1 Cu.lt- Oxygen 

1 per Hour. 

Cu ft. Hydrogen 
per Hour. 

i Cu.ft. Oxygen 
per KWH. 

Cu.ft. Hydrogen 
per aWH. 


■ 1.94 

2.4 

4.8 

4,17 

8.34 


2.04 

3.2 

6.4 

3.97 

7.94 

500 

2.13 

4.0 


3.80 

7,60 

600 

2.22 

4.8 

9.6 

3.65 

7.30 

800 

2.38 

6.4 

• 12,8 1 

3.40 

6.80 

1000 

2.54 

8.0 

16.0 

3.16 

6 32 


An electrolytic hydrogen and oxygen generator with cobalt as the 
active anode element and iron as the cathode has been developed by 

Levin.* 

*Met. Chem. Eag.. 1917, 401; IJ. S. Patent No. 1,214,934. Feb. C, 1917; British 
Patent No. 102,933 and No. 108,477, application date Oct. 27, 1910. 
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The generator unit consists of a rectangular thin iron plate casing of small 
height, long and narrow. Any number of these may be joined together to form a 
complete generator. The iron casing is divided into two parts by an asbestos dia* 
phragm, suspended from an impermciible partition which reaches about one-fourth 
of the way down into the cell from the top. An electrode is placed in each com¬ 
partment formed by the diaphragm. The partition in the upper part of the cell 
prevents the combination of oxygen and hydrogen after these gases have been 
generated and have risen separately to the top of the cell, being prevented from mix¬ 
ing by the diaphragm. Suitable means are provided for carrying away the gases, 
filling the generators with electrolyte, etc. The anode is made of iron, electroplated 
wjth a thin film of cobalt, and the cathode is of iron, preferably electrolytic. The 
electrodes are given a previous treatment by making them the anode in a solution of 
a salt of the active surface metal, and electrolyzing for a brief period. This is claimed 
to give greater efficiency in operation. 

An electrolytic gas generator devised by Levin • is provided with electrodes 
entirely independent of the container or casing. The casing is divided into three 
compartments, in each of which an electrode is located. The cell is of the sectional 
type so that a number of units may be assembled in a compact manner. The elec¬ 
trode compartment of the generator has a gas outlet which is sealed with water, 
and through which water is supplied to the compartment, from a chamber above. 
The water chamber is provided with a gas outlet and a water-supply conduit, t 

A form of Levin generator, made by the Electrolytic Oxy-Hydrogen 
Laboratories, Inc. (Electrolabs) f is compact and simple in construction, 
being built of a few standardized parts which can be rapidly and ac¬ 
curately assembled. The generator consists of three compartments. 
The oxygen is generated in the two outer compartments and the hydro¬ 
gen in the center compartment. Two sheet-metal frames, to each of 
which is attached an asbestos diaphragm, serve as the separating 
mediums. The electrodes are independent of the casing. They are 
separated from and securely fixed within the casing by specially 
designed blocks of asbestos. The surfaces of both the anode and 
cathode are plated. The use of cobalt for such purpose is one of the 
features of this generator. Each compartment has an independent 
water feed which also serves the purpose of a blow-off device to vent 
the gas from each compartment under abnormal conditions. A spe¬ 
cially designed sight-feed indicator is placed between the generator 
and the gas offtake pipe. Each indicator makes the generating unit 
to which it is attached independent of all the other generators in the 
group. It further serves to keep uniform the pressure of the oxygen 
and hydrogen inside the individual generator. It also enables one to 

* U. S. Patent No. 1,219,966, Mar. 20, 1917, 

tSee also U. 8. Patent No. 1,247 694, Nov. 27. 1917; and 1,199,472, Sept. 26, 1916, 
to Levin: Chem. Abe., 1918,253; Canadian Patent No. 175,807, Mar. 20,1917; Chem. 
Aba., 1917, 3001. 
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aee at a glance whether the gases are being generated properly. The 
generator is delivered entirely welded and 
completely and rigidly assembled. The 
dimensions of the unit are 30 X 25 X 6} in. 
The construction is shown by Figs. 139/ 
and ISOjf. Fig. 139h shows the assembled 
unit and Pdg. 139i is a group of generators. 

In a day of twenty-four hours this form 
of Levin generator at 200 amperes will 
produce 38.4 cu. ft. of oxygen and 76.8 
cu. ft. of hydrogen, measured at 20° C. and 
760 mm. pressure. A battery of 100 gen¬ 
erators will occupy a space 31 ft. long by 
4 ft. 6 in. wide and will produce. 

In 1 hour 

160 cu. ft. oxygen 
320 cu. ft. hydrogen 
In 24 hours. 

3840 cu. ft oxygen 
7680 cu. ft. hydrogen 

Each generator running at 200 amperes 
requires slightly over kilowatt per hour. 



Pig. 139£. —^Electrolabs (Levin) Generators. 



FtG. 139A 
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In a space 31 ft. X 4 ft. 6 in. and with a normal room height (10 to 
12 ft.) 200 Levin generators can be installed in two tiers. 

Griffin’s apparatus for generating hydrogen and oxygen by electroly¬ 
sis * consists of a cell and a plate of conducting material depending into 
water of each cell. This plate is bent just above the cell and is attached 
to the adjoining cell, thus making a continuous flow of current from 
one cell to the next. The plate is enclosed in a sack of asbestos to 
separate the oxygen and hydrogen. The asbestos sack may be spaced 
from the plate by some insulating material to insure a complete separa¬ 
tion of the gases. (See Fig. 139).) 

Kato states that in the electrolytic preparation of hydrogen and 
oxygen, t the diaphragms used in the commercial apparatus do not keep 




these gases completely separate, as shown by diffusion data given. Kato 
finds that pure gases can be technically prepared without the use of a 
diaphragm. Special electrodes are employed which have an inclined 
active surface to which the generated gas adheres by reason of its 
buoyancy and accordingly does not diffuse into the solution. 

Halter has devised an electrolytic cell J (see Pig. 139fc) for the produc¬ 
tion of oxygen and hydrogen in which a tank, acting as the cathode, is 
provided with a cover, from which the anode constructed of wires 
united in the form of a hollow body, is suspended in the electrolyte. 

A separator, of porcelain or other non-conducting and oxygen-resisting material, 
is supported over the anode with its sides extending below the surface of the elec¬ 
trolyte, and the closed top is provided with an oxygen outlet. An asliestos sack 
is secured to and suspend^ from the separator, enclosing the anode below the sur- 

♦U. S. Patent No. 1,117,185, Nov. 17, 1914. 
t J. Chem. Ind. Japan, 18, 919, 1916; Chem. Abs., 1916, 561. 
t U. S. Patent No. 1,172,885 and 1,172,887; J. S. C. I., 1916,476. 
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face of the liquid, the separator and sack coiistiliiting a complete non-conducting 
enclosure for the anode. Means arc provkhsl for conducting off the hydrogen from 
the space beneath the cover of the .scqiarator. The tank is made in the form of a 
narrow upright chamber, with a partition dividing the interior of the tank into nar¬ 
row vertically arranged compartments, the partition and walls of the tank forming 
the cathode. Each anode is formed from spaced perforated sheet-metal plates, 
arranged so as to have a hollow oblong form in horizontal section, with curved 



Fig. 1391 Fra. 139m. 


ends and bottom, and secured at its upper edges to a horizontal conducting bar 
supported from the cover of the tank. A separator of non-conducting material, 
with attached sack enclosing the anode, is inverted over each anode and disposed 
lengthwise in the chamber. The partition is formed from two plates, back to back, 
with their end portions curved apart and around the ends of the anodes. 

The Davis-Boumonville Company * system of hydrogen and oxygen 
generation embraces an electrolyzer of a compact type, shown in 
j;. • Jersey City, N. J. 
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Fig. 139i. The electrodes of this apparatus are of sheet metal, the 
anodes being nickeled.* An alkaline electrolyte is used. The elec¬ 
trolyzers are made in two sizes, 500 and 1000 amperes, with a hydro- 



Fio. 139tt.—Swarticy Separator. 

gen output of 7.92 and 15.84 cu. ft., respectively. The apparatus is 
i ssembled by the makers and is shipped ready for immediate use. 
Fig. 139»i shows an anode of a 1000 ampere electrolyzer. A Swarticy 



Fra. 1390. 


hard-rubber separator f (Fig. 139w) is shown at the base of the anode. 
The separator is an inverted trough-shaped structure which is disposed 

* Swortley, U. 8. Patent No. 1,203,959, April 23, 1918. 
t U. S. Patent No. 1,170,105, Mar. 21, 1910. 
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over each anode member and extends a short distance below the surface 
of the electrolyte. The separator supports an asbestos sack which covers 
the anode member and serves to confine the oxygen. The container 
and partition, Fig. 139o, constitute the cathode element. Fig. 139p 


Fig. 139p.—Assembling the Anode Parts. 

shows the method of assembling of anodes on the cast-iron electrolyzer 
cover, one anode being enclosed in an asbestos sack. Fig. 139g shows 
a typical arrangement of fifty of the 500 ampere electrolyzers.* 

• Thia type of apparatus is made under the Bucknam Patent No. 1,172,932, Feb. 22, 
1916. A description of the Davis-Bournonville equipment is found in Oxy-Acetylene 
Welding by Miller, New York, 1916, 30. 
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System of Adtomatk.' Control 

The "ontrol of the cloclric current employed in electrolysis of water 
to produce oxygen and hydrogen is of iiniwrtance. Precautions must 
be taken against the discharge of current in a reverse direction from the 
electrolyzers through the generator. This condition, if allowed to 
o.evclop, may result in reversal of the source of energy and consequent 
reverse functioning of the electrolyzers with the attendant mixing of 
gases. There is also to be observed the prevention of improper con¬ 
nection of terminals at the bank of electrolyzers during or after over¬ 
hauling or for other reasons. The Davis-Boumonville Company has 
developed an electrolyzer control which is designed to prevent reversal 
of current direction through cutting off the source of supply auto¬ 
matically. 

Fig. 139r shows, in a general manner, the electrical connections and methods of 
control. Fig. 139« shows the equipment assembled on a panel. The necessary indi¬ 
cating volt and ammeters C and D, resiwctively, are mounted on each panel of this 
design; also, the necessary instruments for the automatic control of the electrolyzing 
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circuit. The generator A is the source of electrical energy for the electrolyzers and 
its field regulator B is also mounted upon this panel.* 

The electrolyzer current proper, H, is controlled solely through the magnetic 
contactor F, the magnetic coil of which is wound for operation across the inde¬ 
pendent supply mains G. This independent supply main can be either alternating 
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Overload 
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orelsewhere eilher A. C.or D.C. "G" 


Fig. 139r. 


or direct current of any voltage. This independent circuit G is controlled at three 
separate and distinct points, as follows; 

1st—^Potential Relay B, 

2d—Contactor Pilot Switch, hand reset, ■/, 

3d—Overload Relay, hand reset M. 

The potential relay F is set to lift at a predetermined operating or charging voltage, 
thereby completing the electric circuit, which will throw into play the magnetic 
contactor F. This means that with the contactor pilot switch J, held closed and 
the overload relay closed, not until the generator will have reached the predeter¬ 
mined charging voltage will the potential relay close the independent circuit from 
the power lines. It will be noted that it is impossible to pass electrical energy 
through the electrolyzers until the generator attains the charging voltage. 

If, for any reason, during operation the generator voltage should drop below the 
charging voltage, the potential relay E will automatically drop out, opening the 
magnetic contactor, thereby breaking the electrolyzing circuit. This method of 
control entirely prevents the electrolyzers from discharging to the generator A, with 
the consequent possibility of polarity changes, if, through error or deliberately revers¬ 
ing electrical connections, the direction of flow of electrical current is changed. The 
smallest fraction of a reversed current through the shunt N brings the polarized 
relay into play, breaking the contact in the contactor switch J which, in turn, 
breaks the ourrent through the coil of the potential relay E, thereby releasing the 
connection Q and breaking the circuit G, which drops out the magnetic contactor 

* V. 8. Patent No. 1,201,526, Oct, 17, 1916, to Swartley and Larsen. 
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F which interrupts the main electric circuit to the electrolyzers. This makes it 
ahsolutcly impo.ssililc to o()erat.e on a reverse polarity, 

The overloail relay is manually operated and is ejilihrated slightly in excess of 
the normal operating amperage. In case of dpening of the circuit, due to overload, 



Fig. 139s. 


it will be noted that the overload relay M will have to be reset by hand before 
the electrolyzing circuit can again be established. 

Under normal operating conditions the ground detector lights Q will glow slightly 
but in ease of a ground on one or both lep of the electrolyzing circuit, either or both 
of the lamps will glow brilliantly, showing the ground to exist. 
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Jones * has designed an electrolytic cell for the production of hydro¬ 
gen and oxygen. The apparatus is provided with a number of elec¬ 
trodes, and a diaphragm between adjoining electrodes forms chambers 
for the separation of the evolved gases, with gas ducts leading from them 
and separate conduits connected with the gas ducts. The electrolyte 
is conveyed to the several chambers by supply ducts connected to a 
supply conduit, the various conduits being located beyond the elec¬ 
trodes, and so arranged as to be outside the path of the electric current 
through the apparatus. A simple form of electrolytic coll for the pro¬ 
duction of oxygen and hydrogen is proposed by Shaw, f The positive 
electrode is readily removable without disturbing the other parts. 
Hepburn t has designed a bipolar electrode generator. § 

Jaubert || recommends a type of electrolytic hydrogen generator having elec¬ 
trodes covered by bells brought near to each other to diminish the resistani*. The 
active surface of each electrode projecting below the lower level of the bell is inversely 
proportional to the volume of gas liberated at each electrode, while the volume of 
each bell is directly proportional to the volume of gas 
liberated. The bells are provided wilh cocks, or outlet 
collectors for the gases, and with insulated sleeves for the 
cables connected to the electrodes. 

Mueller and Rowlands describe a water 
electrolyzing apparatus made as follows: 

A tank (Fig. 1.39t) is made in tv'o sections, a lower 
and an upper section, electrically separated by an insulat¬ 
ing joint formed by a trough extending around the top 
of the lower section and containing a U-shaped insulating 
gasket of soft rubber which forms a cushion and also a 
hermetic seal. A liquefiable insulator such as paraffin 
filling the upper portion of the trough further insures a 
tight joint between the sections. ITie lower edge of the 
upper section rests in the groove of the gasket. The in¬ 
terior of the lower section is divided by longitudinal webs 
parallel with the side walls, into equal-sized cellular spaces 
which are open at top and bottom, these webs extending 
Fia. 139<. only from the upper edge of the section to the top of the 

enlarged base. The webs are perfors,ted at intervals wilh 
holes. The anodes (three in number) are disposed in the spaces between the webs 
and side walls of the section thus exposing a double surface to the electric current 

* U. S. Patent No. 1,212,229, Jan. 16, 1917; J. S. C. I., 1916, 391. 

tu. S. Patent No. 1,208,722, Dec. 12, 1916. 

t British Patent No. 12,730,1915; U. S. Patent No. 1,213,871, Jan. 30,1917; J. S. C. I., 
1916, 1120. 

§ A description of the Frazer Generator is found in D. S. Patent No. 1,262,034, April 
9, 1918. 

II British Patent No. 102,974, Dee. 28, 1916; J. S. C. I., 1917, 602. Soo also U. S. 
Patent No. 1,255,096, Jan, 29, 1918. 

f jp. S. Patent No. 1,220,262, Mar. 27,1917. 
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for each anode, and hang in diaphragms of woven asbestos. The lower section is 
the negative electrode, while the upper section is insulated from both electrodes and 
is designated the neutral section. The anodes are suspended from the cover which in 
turn rests upon the neutral section but is insulated therefrom by means of a grid¬ 
shaped rubber gasket. To insure gas-tight joints between the hydrogen and oxygen 
chamber, and for scaling both chambers from the outer air, the neutral section is 
provided with a series of parallel inner troughs for the former, and for the latter is 
provided with an encompassing outer trough in which the depending marginal flange 
of the cover is sealed by paraffine wax or pitch. The diaphragms each consist of 
two parts, the diaphragm |)roper and a hanger. The hanger is made of thin sheet 
metal, and oliviates the necessity of rendering gas-impermeable that portion of the 
diaphragm which extends above the liquid level. It is tubular in form, of the same 
cross-section as the diajjliragm and of sufficient length to extend below the liquid level. 
It is formed at its u])[)or end with an outwardly and downwardly projecting flange of 
pro])or form to fit into the sealing trough wdiich extends continuously around each 
hanger. The cell represents a highly elaborated form of water electrolyzing aiiparatus 
the complete details of which cannot be pre.scntcd here. Another form of apparatus 
designed by Mueller and Rcmdaiids * consists of a deep metal tank divided into 
coinmumcating conijiartments by vertical partitions which form, with the sides, a 
series of eleih.rodes of the same jiolarity. The tank has an arched metal cover 
from which depend a nuniher of metal plates, one nearly l,o the bottom of each 
coi.ipartmenl, forming a corresponding series of electrodes of oiiposite jiolarity. 
'I'lie cover is insulated from the tank by a diajihragm through ojienings in which 
(be metal jilates extend; and each jilate is surrounded by a tube of fle.xible, non- 
corrodible inati'rial t 

Aci'ording to .Sebille, t hydrogen and oxygen are generated electrolytically, then 
cool, d as they jiass from the generator into sejiarate containers, the condensed 
moisture being led back into (he generator. A diajihragm is so arranged, containing 
clianiliers through which the gases jiass on their way to their rcsjiective containers, 
that a jiredetermined difference of jiressure on one side of the system causes the 
diajihragm to close the gas eidrance to the ojijiosite container, until a balancing 
Jiressure has again been rai.sed on that side. By means of a body of water the 
gases arc au(,omatically comjiressed to a jires.sure higher than that originally gen¬ 
erated. Sebille § also describes a system of gas storage chambers having automat¬ 
ically-controlled valves regulating the flow of gases. 

method for the electrolysis of water to produce hydrogen forms the basis of 
J.rpanese . ’.itent 30,437 of Dec. 4, 1916, by the Yokohama Fish Oil Co. 11 The apjm- 
ratus is jirovided with means for collecting hydrogen and oxygen completely sep¬ 
arated from each other. 

In a form of electrolytic cell for obtaining hydrogen and oxygen, described by 
Churchill & Co., and GeeraerdjU a vertical series of inclined non-conducting vanes 
are arranged close to the electrodes to confine gas flow to the space between the 
vanes and the electrodes. 

• U. S. Patent No. 1,219,843, Mar. 30, 1917. 

t See also U. S. Patent No. 1,221,206, Apr. 3, 1917. 

tu. S. Patent No. 1,230,803, .June 19, 1917. 

§U. S. Patent No. 1,222,809, Ajir. 17, 1917; also describes a system of gas storage 
chambers having automatically controlled valves regulating the flow of gases. 

II Chem. Aba., 1917, 1932. 

If British Patent No. 101,598, May 11,1916; Chem. Abs., 1917,122, 



CHAPTER XXVII 


PRECAUTIONS IN HANDLING HYDROGEN. SAFETY 
DEVICES. PURIFICATION OF GAS 

The handling of electrolytically-derived gases brings with it the 
possibility of explosions due to accidental mixing of the two gases, 
and to guard against serious results, at frequent intervals in the con¬ 
nections of the apparatus and service pipes, safety devices should be 
inserted. 

The common form of safety device is the wire-gause arrangement 
of Sir Humphrey Davy. It usually consists of a roll of wire gauze or 
a number of disks of gauze inserted in the pipe connections. Such 
arrangements sometimes will check the progress of an explosion tem¬ 
porarily or completely, but as a rule when an explosion wave passes 
along the pipe in which the wire gauze is placed, although checked 
temporarily by the wire-gauze obstruction, it soon heats the latter to 
the ignition point. Thus the gas on the other side of the gauze is 
ignited and the explosion wave continues on its course. 



When wire gauze is used preferably it should take the form shown 
in Fig. 140. A spool a carries perforations along its stem and over 
this wire gauze is wound to make a thick layer. The spool is placed 
in the holder b and fitted tightly in place against a rubber gasket so 
that gases entering one end of b will pass along the hollow stem, flow 
through its perforations and those of the gauze and make their exit 
at the opposite end of b. 

Glass wjtol obstructs explosion waves in a fairly satisfactory manner 
if it is inserted into the pipe connections in such a way as to fill 
the cross-sectional area without being packed so tightly as to greatly 
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reduce the flow of gas. Layers of glass wool, or finely-divided re¬ 
fractory material, such as fire-brick granules of about 20 mesh, alter¬ 
nated with bundles of wire gauze, may be packed into pipes of 
relatively large diameter to form an excellent safety device, which is 
rendered even more reliable if placed in a tank of water so as to be 
kept cool in event an explosion wave causes ignition of the gas at the 
surface of the outer layer. 

It is stated by Schoop that under the conditions occurring in prac¬ 
tice explosion mixtures are formed when either gas contains by vol¬ 
ume 6 to 8 per cent of the other gas. Such an impurity may quite 
readily occur through injury to the diaphragm of cells of the asbestos- 
diaphragm type, and in constructions similar to the Garuti cell care 
should be taken to prevent an excess voltage which will render the 
diaphragms bipolar. 

Boynton’s device for preventing the transmission of explosions is 
shown in Fig. 141. A is the gas inlet, B the outlet, E one or more 
perforated plates and H a space filled with fragments of metal.* 



For thr. prevention of hydrogen explosions steel wool is recommended 
by Ohmann.f He regards steel wool as very suitable to take up 
and carry off the heat developed and, by lowering the temperature 
in this way, preventing the spreading of an explosion. To insure 
against the danger of an explosion, a roll of the wool, somewhat 
tightly pressed together, is placed in the gas conduit. Trials with a 
mixture of i hydrogen and ? air, also with the strongest explosive 
gas mbcture 2 H -f 0, showed that the explosive flame or wave was 
checked and extinguished in contact with the wool. 

* U. S. Patent 88,055, Sept. 18, 1866. See also U. S. Patents 713,421, 730,807, 
743,064, 819,202 and 948,323. 

t Z. physik. chem. Unterricht, 11, 272; Chem. Zentr. (1912), 1, 1426. 
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The various possible causes of certain fatal accidents resulting from 
the explosion of oxygen or hydrogen cylinders has been discussed by 

Bramkamp.* 

In most cases it is certain that an explosive mixture of hydrogen 
and oxygen has been introduced into the cylinder. The two most 

important causes of this are: (1) 
the use of the same compressor al¬ 
ternately for both gases; and (2) 
unsatisfactory control and atten¬ 
tion when the gases arc obtained at 
the same time in the electrolysis 
of water. Other causes which may 
contribute but which arc unlikely 
in themselves to account for an ex¬ 
plosive mixture in a full cylinder 
are: (1) the use of an oxygen cylin¬ 
der as a hydrogen cylinch'r or vice 
versa, without previously removing 
all the original gas; and (2) the 
absorption of hydrogen by finely- 
divided iron inside the cylinder. 
The various methods by which the 
explosive mixture when present 
may be exploded include: (1) igni¬ 
tion of oil or other combu.stible 
material in the valve or pressure gauge by the compressed oxygen; 
(2) local rise in temperature of the gas due to sudden closing of the 
valve; (3) catalytic action of finely-divided iron in causing combina¬ 
tion in the mixture and raising its temperature; and (4) pyrophoric 
oxidation of finely-divided iron. Bramkamp is of the opinion that 
with suitable precautions an explosive mixture need never be put 
into a cylinder, and that all cylinders should be tested by analysis 
of their contents immediately after filling. 

Tubes of compressed hydrogen, accidentally contaminated with 
air, have been known to explode on connecting them with a manom¬ 
eter for the purpose of measuring the pressure of the gas. Lelarge f 
has found that if ordinary manometers are employed in the usual way, 
such explosions may occur whenever the hydrogen contains enough 
air to render it explosive, and the pressure is sufficiently high. The 
reason probably lies in the rise of temperature produced by the sudden 

* Zeit. ang. Chem. (1912), 536. 
t Compt. rend. (1912), 914. 



Fig. 142. High-pressure cylinders 
for hydrogen. 
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Fio. 143. Compressor for compressing hydrogen or oxygen into cylinders. 
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and more or less adiabatic compression of the air in the manometer. 
Such accidents may bo avoided by interposing, between the tube of 
compressed gas and the manometer, a safety-tube containing discs of 
metallic gauze of such mass that they are not appreciably heated by 
combustion of the gas mixture in the manometer. By this means the 
ignition of the main body of gas is prevented. Similar safety-tubes 
should be employed whenever a highly-compressed explosive gas mix¬ 
ture is allowed to expand suddenly into a confined space. Before 
measuring the pressure of compressed hydrogen, liable to contain air 
or oxygen, it is advisable to determine its density, as a further safe¬ 
guard. 

Summary 

The majority of the numerous proposals for making hydrogen in 
various ways have been outlined in the foregoing for the reason that 
many investigators at the present time are studying the subject of 
hydrogen generation, and everywhere present and prospective users of 
hydrogen arc seeking information which may enable a better under¬ 
standing of the subject. 



Fio. 144. Pressure tank for storage of hydrogen. 

For oil hydrogenation at least four methods of generating hydrogen 
are likely to find a place. These are the (1) steam-iron, (2) water-gas 
liquefaction, (3) water-gas and lime and (4) electrolytic systems. 
With the exception of the latter these all require a water-gas plant 
with a not wholly simple system of purifiers, etc. As to the steam- 
iron method it may be noted that the opponents of this system claim 
it has been shown in practice that the iron sponge will not regenerate 
after a few operations and the iron retorts used are demolished all too 
soon by the high heat employed and have to be continually replaced. 
The advocates of the system claim great improvement in the matter 
of longevity of the iron sponge and also figure on a cost of production 
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around 90 cents to $1.00 per 1000 cubic feet of hydrogen. It is doubt¬ 
ful if this figure generally could be reached and so far as the author 
can ascertain the cost in this country with plants of moderate size 
is approximately $1.50 per M. The liquefaction system, although 
scarcely feasible to install in a small way, should prove attractive for 
large scale operation as the cost of production is not over $1.00 to $1.20 
per M for gas of very fair purity. The objection has been raised that 
the by-product of carbon monoxide under high pressure is dangerous 
to handle. The water-gas and lime system from the point of view of 
low cost of operation has much in its favor, but has as yet received 
no extensive technical application. The electrolytic process may be 
called the foolproof system, as with proper safeguards against mixing 
of the gases and suitable safety devices, the generating plant may be 
operated with unskilled labor. The objections raised against it are 
the floor space required and the high cost of the gas. If, however, 
the oxygen is saved and compressed it can usually be sold at a profit 
which, credited against the hydrogen account, greatly reduces the cost 
of the latter. For small plants electrolysis has much in its favor.* 

Purification op Hydrogen 

In the previous discussion of methods of producing hydrogen various 
procedures of purification have been mentioned. To summarize, 

• The cost of hydrogen per cubic meter (1 cubic meter = 35.3 cubic feet) pro¬ 
duced in various ways is given by Sander (Zcitsch. f. angew. Chem. (1912), 2407) 
as follows: 

Stationary PUmta 

Acetylene (Carbonium). 

Steam (Internat. Wasserstoff). 

Water gas (Griosheini-Elektron). 

Wat'-, gas (Linde-Frank-Caro). 

Oil gas (Rincker and Wolter). 

Portable Plante 


Cents 

Iron and sulfuric acid . 12}-20 

Aluminium and caustic soda.■.about 621 

Silicon and caustic soda. 17i-20 

Ferro-silicon and caustic soda. 17j-20 

Calcium hydride.about $1.00 

Hydrogenite (Jaubert).about 37 J 

Maricheau-Beaupre system.about 37 J 

Activated aluminium (Griesheim-Elektron).about 45 


Sachs (Zeitsch. f. angew. Chem. (1913), No. 94, 784) believes the cheapening of 
the cost of manufacture of hydrogen due to the demand for this gas in air ship prac¬ 
tice is in part responsible for the rapid development of oil hardening processes. 


Canta 

3J 

2H 

lF2i 

2}-3i 

2F3i 
















596 


THE HYDROGENATION OF OILS 


oxygen may be eliminated by passing the gas through heated tubes 
containing copper turnings; carbon dioxide by exposure to hydrated 
lime, carbon monoxide by contact with soda lime at 300° C. or over, in 
the presence of moisture, or with acid cuprous chloride; and nitrogen 
may be removed by exposure to heated calcium carbide. Moisture 
may be reduced to a negligible amount by means of quicklime, cal¬ 
cium chloride or other desiccating agent. 

Catalyzers of different types vary considerably in their resistance 
to impurities or catalyzer poisons in the hydrogen, but the period of 
activity of the more reliable catalyziirs is at best all too short, and it 
may be laid down as a general rule that hydrogen free from moisture, 
oxygen, sulfur, phosphorus, chloriin!, arsenic and cyanogen compounds 
should bo employed. Of course there are exceptions to this, as, for 
example, with nickel oxide catalyzers oxygen is thought not to be 
detrimental and in fact by some is regarded as advantageous. 

The Badische Anilin und Soda-Fabrik * remove traces of carbon 
monoxide from hydrogen by passing the gases through caustic alkali 
solutions at high temperatures and pressures, e.g., hydrogen contain¬ 
ing 1 per cent of carbon monoxide is treated with (a) an 80 per cent 
solution of caustic soda at 50 atmospheres pressure at 260° C., or (6) 
a 25 per cent solution of caustic soda at 200 atmospheres pressure at 
240° C.t 

Hydrogen prepared from commercial zinc and acid, is bubbled 
through petroleum spirit cooled by liquid air. A temperature of 
110° C., according to Renard,J suffices to insure the removal in this 
way of all the arseniuretted hydrogen oven from a rapid stream of the 
gas. 

Wentzki removes arseniuretted hydrogen from impure hydrogen 
by passing the gas upwards through a cylinder packed with a mixture 
of two parts of dry chloride of lime and one part of moist sand or other 
inert material. If the column of purification material be sufficiently 
high, the whole of the arsenic is retained. A small quantity of chlorine 
is set free, but can be removed by passing the hydrogen through a 
second cylinder packed with nearly dry slaked lime.§ 

Rabenalt || purifies hydrogen by passing it into a solution of iodine 
through which an electric current is simultaneously conducted. 

* French Patent 439,262, Jan. 22, 1912. 

t By heating a solution of caustic alkali under a pressure greater than five at¬ 
mospheres, hydrogen is freed from sulfur and sulfur compounds. (Badische, British 
Patent 14,509,'June 23, 1913.) 

t Compt. rend. (1903), 136 (22), 1317. 

§ Chem. Ind. (1906), 405. 

f U 8. Patent 1,034,646, Aug. 6, 1912.’ 
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For purifying electrolytic gases Knowles * uses the apparatus as 
shown in Fig. 145. The gas to be purified is first passed through an 
ordinary washer then through an explosion trap and finally enters the 
purifier projjer. In its entry into the purifier the in-going gas is pre¬ 
heated by passage around the conduit through which the out-going 
gas and vapor is passing. In the 
purifying chamber the gas passes 
through contact material and 
water vapor i.s formed and is con¬ 
densed and removed. In the 
illustration the web h supports 
grids I of porcelain on which 
the contact material is si)read. 

Knowles states that when the 
apparatus is working properly no 
external heat is rc(iuired on ac¬ 
count of the rise in temperature 
caused by the condensation. 

The removal of sulfur from gas by the Carpenter process f involves 
passing the gas over reduced nickel heated to 800° to 900° F. when 
carbon bisulfide reacts with hydrogen to form hydrogen sulfide and the 
latter body is absorbed in the usual manner. 

The treatment of water gas to separate pure hydrogen, as described 
by Frank,! is of interest in this connection. Water gas, previously 
dried as much as possible, is conducted over calcium carbide, at a 
temperature from 300° C. up to the melting point of the carbide. 
When water gas is conducted over carbide thus heated an absorption 
of all the substances associated with the hydrogen takes place. Car¬ 
bon monoxide or dioxide forms with the carbide, lime or carbonate 
of lime and carbon. The nitrogen is likewise absorbed. The hydro¬ 
carbons are decomposed when passed over the heated lime-carbon 
material with the separation of carbon. The action of the carbide 
on various gases is indicated by Frank in the following reactions: 

CO + CaCj = CaO -f- 3 C 
C02-l-2CaC2 = 2CaO-f 5C 
3 CO 2 + 2 CaC 2 = 2 CaCOa -|- 5 C 
0 -t- CaCa = CaO -f 2 C 
2N-fCaC2 = CaNjCH-C 

* U. S. Patent 1,073,246, Sept. 16,1913. 
t Jour. Ind. & Chem. Eng. (1914), 262. 
i U. S. Patent 964,416, July 12, 1910. 
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SiH 4 + 3 GO + CaCa + heat = CaSiOa + 5 U + 4 H 
CSa 4“ CaCa ~ 2 CaS -|- 3 C 
HaS “1~ CaCa = CaS “F Ga "F Ha 

GaCa ” GaPi -|- Ga “h 3 xH 
CSa + 2 COa + heat = 2 SOa + S'C 
2 SOa + 3 C + 2 CaCa = CaSOa + CaS + 7 C. 

Almost chemically pure hydrogen is ultimately obtained as the final 
product. Carbon monoxide or dioxide may be previously entirely 
or partially removed from the water gas by mechanical separation 
of the constituent gases to relieve the carbide from the duty of sepa¬ 
rating the major part of the gases. If the water gas is i)roduced at a 
high furnace temperature and contains in addition to hydrogen almost 
exclusively carbon monoxide and only a little carbon dioxide, the 
mechanical separation is preferably effected by conducting the water 
gas, which has been suitably cooled, into a Linde’s air-liquefaction 
machine or other similarly constructed apparatus to liquefy the car¬ 
bon monoxide; the dioxide and small quantities of silicon-hydrogen, 
etc., being obtained solid, whereas the hydrogen remains gaseous and 
can be .separated and conducted away. If the water gas is produced 
at a low temperature, and if little carbon monoxide and principally 
carbon dioxide are obtained in addition to hydrogen, the.previous 
mechanical separation may be effected by the water gas being cooled 
down to a temperature below that of the congealing or liquefying 
point of the secondary constituents of the water gas (carbon dioxide, 
carbon monoxide, etc.), these secondary constituents being separated 
in this manner in a solid or liquid form from the hydrogen which is 
obtained. After the previous mechanical separation of the secondary 
gases, the hydrogen which contains some remnant of other gases, as 
GO, CO 2 , SiH 4 , H 2 S, PHs, N, GS 2 , and hydrocarbons, is then subjected 
to a final purification by conducting it over carbide. Before being 
passed over the carbide, the water gas may be freed from carbon 
dioxide and monoxide by treatment with lime and cuprous chloride 
solution respectively.* 

Bosch and Wild f have found that by treating hydrogen under 
pressure exceeding five atmospheres with a hot solution of fixed caustic; 
alkali, sulphur and compounds containing sulphur can be practically 
completely removed. 

The concentration of the alkaline solution and the temperature and pressure 
employed can be varied within wide limits. As an example, caustic soda solution 

♦French Patent 371,814, Nov. 26, 1906. 

■■ ■ + TJ. S. Patent Nn. 1.13.3.087. March 2.3. lOlfi. 
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of from 10 to 50 per cent can be employed at a temperature of from 150° to 225° C. 
and a pressure of fifty atmospheres. As a rule, if higher pressures l)e employed, 
the gases can be passed through the caustic alkali solution with a greater velocity 
while still effecting a total separation of all sulphur and sulphur compounds. 

A purifier for separating dust and sulphur compounds from producer gas, water 
gas, and the like is described by Berlin Anhaltische Maschinenbau * * * § as follows: 
Within and spaced away from the wall of the purifier is a retort packed with turnings 
of iron or other metal capable of combining with sulphur comiwunds. Except at 
the two ends the wall of the retort is porous. The gas enters the purifier, and passes 
through the porous wall of the retort, which retains dust, etc. A l)last of air may 
be passed into the purifier to bring it to and maintain it at the requisite temperature 
for the retention of the sulphur comiwunds by the iron turnings. 

It is stated by the Badische Company t that carbon monoxide can 
be very quickly and effectively removed from gas mixtures by means 
of ammoniacal cuprous chloride solution under pressure. 

The solutions contain, in 1 liter, considerably more than 60 grams of ammonia 
gas in the form of free base or carbonate. Iron apparatus or parts in motion are 
not injured i)y this solut.ion so that high pressure can Ite employed, where stone¬ 
ware atid lead are not suitable. Ammonia is supplied as it is lost, the solution is 
kept in circulation between the absorption and a lower pressure chamber where the 
carbon monoxide is removed, and any oxidation of copper is corrected by the carbon 
monoxide before it is removed. A suitable solution is prepared by mixing 200 
kilograms of cuprous chloride, 250 kilograms of ammonium chloride, 500 kilograms 
of 25 per cent ammonium hydroxide and 500 kilograms of water. Operating at 
pressures above 100 atmospheres very small amounts of carbon monoxide may be 
removed from gases (such as hydrogen containing carbon monoxide) in a short 
time. 

The absorption of carlxtn monoxide from oxygen-free gas mixtures by ammoni¬ 
acal cuprous chloride solutions is carried out by the Badische Company } with an 
addition of oxygen to the gas sufficient in amount to prevent the separation of 
copper but not in such a quantity as to cause any marked oxidation of carbon mon¬ 
oxide. 

A method of freeing gases from carbon dioxide present as impurity 
is given by Soc. L’Air Liquide,§ which consists in subjecting the impure 
gas first to a physical purification by solution under pressure in water 
and then to a chemical purification by the action of purifying reagent 
dissolved in the water. 

The process is applicable to the removal of carbon dioxide from water gas or 
water gas modified by catalysis or by passage over hydrated lime, prior to lique¬ 
faction of the gas. The process is effected by bringing the compressed gas into 
contact with a counter current of water in a tower, at the upper portion of which is 

* German Patent No. 271,122, Doc. 12, 1912; U. S. Patent No. 1,129,558; J. S. C. I., 
1914, 472. 

t German Patent No. 282,505, Nov. 19, 1913; Chem. Abs., 1915, 2299; see also Brit¬ 
ish Patent No. 9,271, Apr. 14, 1914. 

t Chem. Abs., 1917, 873; Austrian Patent No. 72,240, Aug. 10, 1916. 

§ British Patent No. 15,053, June 23,1914. 
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introduced a email quantity of a lime or caustic soda. The dissolved gas may be 
subsequently removed from the liquid by relieving the pressure thereon, and, when 
lime is used, the precipitated carbonate may be filtered off and the water returned 
to the tower. 

In a process for the absorption of gases by liquids, under pressure, with subse¬ 
quent regeneration of the absorbent by relieving the pressure, Ges fur Lindes Eis 
maschinen • absorption is effeoted under as high a pressure as possible and the 
absorbed gas subsequeni.ly released liy producing a partial vacuum in the absorp¬ 
tion vessel and simultaneously passing through it a current of gas in which the con¬ 
centration of the ab.sorbcd gas, it this be present, Is lower than corresponds to iis 
partial pressure, in the gas above the solution. It i.s stated that by this process 
the absorption of carbon monoxide in cuprous chloride solution, which hitherto 
has proved unpracticable, may be used with good results, e.g., for the production of 
hydrogen tree from carbon monoxide. 

Knowles f has devised an apparatus for the purification of electrolytic, gases, con¬ 
sisting of a chamber in which is located a web of metal or other material coated 
with a catalytic agent, and heated either by electricity or other suitable means. 
The design is such that the gases have a long space to travel in contact with the 
catalytic material and are thus well iiurified. 

To romove oxygen from gaseoiw mixtures, Siemens and Halske X 
pass the gasc.s over a metal heated to incandescence, the metal being 
one, such as zirconium or titanium, the oxide of which i.s not reduced 
by hydrogen or carbon monoxide at the temperature of working. In 
practice gases to be freed from oxygen frequently contain hydrogen 
or oil vapors. By the process described, it is stated that oxygen can 
be removed from such gases without formation of steam. 

Ueno and Kimura § purify by-product hydrogen by treatment with 
metallic copper, a cuprous salt and ammonium hydroxide, with or 
without the addition of another ammonium compound. Ueno || em¬ 
ploys colloidal platinum, palladium, iridium or osmium in an aqueous 
vehicle containing an organic body such as sugar or glycerine, gum 
arabic and soap. 

When working with hydrogen at raised temperature and under pressure in iron 
vessels, according to Bosch, H if the iron contains carbon the strength of the vessel 
suffers to such an extent that after a very short time it is no longer able to withstand 
the higher pressure which is being employed, due to the action of the hydrogen upon 
the carbon. The use inside such iron tube of a lining which is chemically not acted 
upon by hydrogen is of little value, since, when high temperatures are employed, 
practically all substances are pervious to hydrogen under pressure. Although the 
quantity of hydrogen which diffuses through the walls of the tube is only minute 

♦German Patent No. 289,106, Mar. 29,1914; J. S. C. I., 1916, 623. 
t U. S. Patent No. 1,073,246, Sept. 16, 1913. 
t German Patent No. 279,132, June 28, 1913; J. S. C. I., 1915, 230. 

SChem. Abe., 1918, 208; Japanese Patent No. 31,292, July 10, 1917. 

II Japanese Patent No. 31,291, July 10, 1917, 

TT Cl M/n 1 1QQ Ron 07 19IQ, 
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in comparison with the total quantity of gases treated in such tube, yet in course of 
time this small quantity is sufficient to act on the carbon contained in the iron of 
the tube to such an extent as to deteriorate the resisting power of the tube. 

Bosch states that he can work conveniently with flowing hydrogen under con¬ 
tinuous pressure and at raised temperatures if the vessel in which the reaction is 
being carried out and within which the high pressure is being maintained, be sur¬ 
rounded by some kind of structure which is capable of supporting the inner vessel, 
but which itself readily allows any gas to escape which may diffuse through the walls 
of the inner vessel. This can be effected by surrounding the inner vessel with a 
series of steel rings, or a suitable network of bars, or the inner tube may be covered 
with a second tube which is perforated, the essential condition being that the outer 
tube, which is supporting the inner tul)e, is not impervious to the hydrogen which 
diffuses through the inner tube at the high temperature and pressures employed. It 
is most convenient to construct the outer perforated tube, network or rings, of 
steel, while the inner tulw, in which the hydrogen is contained under pressure 
and heat, may be constructed either of steel, or of some material which does 
not contain carbon, such as wrought iron (practically free from carbon), nickel or 
silver. 

Reaetions in which hydrogen is involved under pressure and at high temperatures 
are carried out in an apparatus comprising an exterior (metallic) receiver, capable 
of supporting the pressure, and an interior receiver (e.g., of glased porcelain, glass, 
quartz, etc.), capable of resisting the chemical action and the diffusion of the hydro¬ 
gen. Or, the reaction is allowed to take place in an inner metallic or non-metallic 
porous receiver, which is separated from the outer wall, supporting the pressure, by 
an alloy or composition capable of resisting the chemical action and diffusion of the 
hydrogen.* 

Pier 1 describes an apparatus for effecting reactions with hydrogen under pressure. 
To prevent leakage of hydrogen, a layer of molten Wood’s metal or other readily 
fusible alloy is maintained between the upper wall and the outer casing of the vessel 
(which may be of steel). The inner wall may be of porcelain or metal. The appa¬ 
ratus will withstand 150 atmospheres pressure without leakage. 


Effects op the Presence of Hydrogen in Electrolytic 
Oxygen 

Experiments conducted by the Bureau of Mines indicate that, at 
atmospheric pressure, mixtures of oxygen and hydrogen containing 
less than 10 "per cent by volume of hydrogen are inflammable but 
not explosive. Teras and Plenz find at least 30 per cent of oxygen 
is required for explosion. The electrolytic industry for making 
oxygen and hydrogen, as a general rule, attains on an industrial scale 
the generation of both oxygen and hydrogen at purities well above 
99 per cent. Oxygen containing but 1 per cent of hydrogen is a non- 

* Chem. Alw., 1915, 28; French Patent No. 469,391 and First addition, March 7,1914. 

tU. S._Patent No. 1,159,865. 
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hazardous product, as the hydrogen in such a mixture cannot be 
made to combine with the oxygen to produce an explosive reaction. 
Hydrogen containing but 1 per cent of oxygen is likewise in itself a 
safe product, as the oxygen in such a mixture cannot be made to 
combine with the hydrogen to produce an explosive reaction. 

The attention of the Bureau of Mines * has been directed to a series 
of explosions of oxygen made by the electrolytic process in which life 
has been lost, as a result of hydrogen being mixed with oxygen. Rice, 
of the Bureau of Mines, reports that this is due to improper design in 
the manufacturing apparatus, i.e., the cells and electrical connections; 
to insufficient safeguards connected with the electric apparatus, the 
polarity suddenly and unexpectedly shifting; to the manufacture of 
oxygen without frequent analyses; and to incompetent or ignorant 
attendants. Unfortunately, certain makers of oxygen-manufacturing 
apparatus have advertised that any laborer can take care of their 
apparatus. It is beheved that the manufacture of electrolytic oxygen 
can be carried on in a manner to make it entirely safe. Neverthe¬ 
less, certain tanks from one batch caused three widely separated ex¬ 
plosions in California, killing seven men in all, and an analysis of gas 
from a tank filled at the same time showed that it contained over 50 
per cent of hydrogen. 

The California Commission limits hydrogen content in oxygen 
containers to 2 per cent after thorough investigation as to the cause 
of three explosions, t 

Wohler f referring to the regulations which have been enforced in 
Germany since 1902 with regard to the filling and use of compressed 
gas cylinders for oxygen and hydrogen gases, gives details of some 
recent explosions to show that in spite of all these precautions accidents 
due to carelessness and negligence are of frequent occurrence. 

The most disastrous of these, in which three men were killed and many were 
injured, occurred at Darmstadt. An empty oxygen cylinder of 210 cu. ft. capacity 
was filled with hydrogen, but the error was discovered before the gas was used and 
the cylinder was returned to the compressed gas works. Without emptying the 
cylinder, the men in charge of the oxygen-filling machinery filled the cyUnder to its 
maximum capacity with oxygen, and when the cylinder arrived at the railway work¬ 
shops the second time, and was put into use, it burst. The author points out that 
owing to the shortage of copper the connecting gas couplin;^ used at the filling works 
are now of iron or steel. The rule with regard to right- and left-handed threads to the 
cylinder fittings for the different gases is, therefore, easily evaded, for a steel or iron 
screw may be externally threaded on a brass connecting piece whatever the thread 

"•Met. Chem. Eng., 1017. 402. 
t Brownell, Kng. Record. 1017, .'594. 

} Z. angew. Chem.. 1917, .30, 174; J. 8. C. I., 1917, 917. 
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may have been on this originally. The regulations with regard to the use of distinc¬ 
tive colors for the cylinders containing the two gases have also been often ignored 
lately, owing to labor shortage and similar difficulties, and cylinders have been used 
indiscriminately for oxygen or hydrogen, without regard to their color or markings. 
As a precaution against similar accidents and explosions Wohler recommends 
the application of the Haber test for explosive gases before the gas from any cylinder 
is used, or the still more simple soap-bubble test, which consists in blowing a bubble 
with the gas from the cylinder, and then applying a light. These tests, however, are 
of little value if left in the hands of the workmen, since negative results can easily 
be obtained with them. 

Hammond * describes an apparatus that prevents polarity reversal 
by use of an automatic switch which completes the connection with the 
cells only when the normal speed of the generator is reached. Reversal 
of phase is prevented by use of a polarized relay connected to a special 
shunt which provides for a singlevpole relay in the control circuit. 
Apparatus for the determination of purity of oxygen by absorption 
with metallic copper and of hydrogen by the combustion method are 
illustrated. Causes of explosions and precautions to be observed are 
given, t 

The Underwriters’ Laboratories (207 E. Ohio St., Chicago, 111.) 
have in preparation Tentative Standards for Oxygen and Hydrogen 
for Industrial Uses and for Electrolytic Oxygen and Hydrogen Plants 
and Their Operation. In the compilation of these standards the 
Underwriters’ Laboratories have had the assistance of the Standards 
Committee of the Electrolytic Oxygen and Hydrogen Association, 
formerly Gas Products Association (29 South La Salle St., Chicago, 
Ill.), and the Committee on Electrolytic Oxygen and Hydrogen of 
the tAmpressed Gas Manufacturers’ Association (120 Broadway, 
New York City), and after further revision it is expected these 
standards will be adopted by electrolytic oxygen and hydrogen man¬ 
ufacturers of this country.t 


♦Machinery, 23, 1070, 1917; Chem. Abs., 1917, 2860. 

t An oxplo«ion arrester involving the use of a water seal is described by Ellis, U. S. 
Patent No. 1,170,055, Feb. 1. 1916. 

Oil-hardening tank explosion. (Byrne, Chem. Trade J., 58, 164 (1916); Chem. 
Abs. 10,1271.) Ad explosion occurred May 22d, 1915, in one of six tanks employed by 
Messrs. Ardol, Ltd,, Selby, Yorks, in converting oil into a solid by means of hydrogen. 
Each tank was fitted with 3 vertical coils of copper tubing forming an endless cir¬ 
cuit through which hot water was passed. Its temperature normally was about 290*^ 
and its pressure 2000 lb. per square inch. The oil in the tank was heated to a temper¬ 
ature of about 260° and the hydrogen, at a pressure of 5 lb. per square inch was sent 
from the bottom upward through the tank to the cleansing plant. The accident 
is found to have l>eon due to a leakage from the copper coil producing an undue 
pressure in the tank. 

JJ. S. C. I., 1918, 251 R. 
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Hydrogenated Oil Patent Litigation 

The general interest awakened by litigation in England over the 
Normann patent, together with the fact that the testimony given has 
brought out much of interest to investigators in the hydrogenation 
field, has led to the inclusion of a report of the Court proceedings 
which is here given substantially as published in the British Official 
Journal. 

In the High Court of Jo.stice.—Chancery Division 
Before Mr. Justice Neville 
Feb. 20 —Mar. 18, 1913 

* Joseph Crosfield & Sons Ld. v. Techno-Chemical 
Laboratories Ld. 

Patent. — Action for infringement .— Admissibility of expert evi¬ 
dence. — Construction of Specification. — Insufficiency of Specification 
— Patent held invalid. — Action dismissed. — Costs on the higher scale 
allowed. 

In 1903 a Patent was granted for a “Process for converting unsaturated 
“fatty .icids or their glycerides into saturated compounds." The process 
consisted in treating the fatty bodies with hydrogen in the presence of a 
finely-divided metal, such as platinum, iron, cobalt, copper, and espe¬ 
cially nickel, adapted to act as a catalyzer. The Specification stated that 
tile saturation might be effected by causing vapours of fatty acid together 
with hydrogen to pass over the catalytic metal, but that it was sufficient 
to expose the fat or fatty acid in a liquid condition to the action of hydrogen 
and the catalyst. The Specification gave no details of the process, but 
after having given, in general terms, an example of the process, stated 
that the quantity of the nickel added and the temperature were immaterial, 
and would only affect the duration of the process. In an action for in¬ 
fringement of the Patent, the Plaintiffs contended that the publication of 
the fact that the process could be carried out with bodies in the liquid state 

* Supplement, June 18, 1913. The Illustrated Official Journal (Patents), 
Vol. XXX. Reports of Patent, Design and Trade Mark Cases. No. 12. 
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was of great merit; they claimed that the Patent was for a principle, and 
that, the Patentee having shown one way of putting it into practice, he 
was entitled to claim for all ways. The Defendants contended that the 
experiments of their witnesses showed that, for the success of the process, 
the catalyst must be prepared in a particular way and the process carried 
out with precautions not indicated in the Specification and requiring 
research for their ascertainment. 

Held, thai the Patentee claimed the hydrogenation of all unsaturated 
fatty acids, and their glycerides, by the use of finely-divided platinum, 
iron, copper, and cobalt, as well as nickel, and that if the process failed 
as to any of the bodies to be hydrogenated or any of the catalysts the Patent 
was invalid; that no method of carrying the alleged invention into effect 
was sufficiently described in the Specification; and that the Patent was 
invalid. The action was dismissed with costs. 

On the 21at of January 1903 Letters Patent (No. 1515 of 1903) were 
granted to Wilhelm Normann for a “ Process for converting unsatu- 
“ rated fatty acids or their glycerides into saturated compounds.” 

The Complete Specification was as follows: — “The property of 
“ finely-divided platinum, to exercise a catalytic action with hydro- 
“ gen, as it does with oxygen, is already known. For instance, Wilde 
“ observed the following reaction taking place in the presence of 
“ platinum black: — 

“ CjHj -b H 4 = CHa - CHa 
“ CaHa -b Ha = CHj - CH, 

“ and Debus noticed the reaction: 

“ HCN -b H 4 = CHsNHa 

“ Recently Sabatier and Senderens have discovered that other 
“ finely-divided metals will also exercise a catalytic effect on hydro- 
“ gen, viz. iron, cobalt, copper and especially nickel. By causing 
“ acetylene, ethylene, or benzene vapour in mixture with hydrogen gas 
“ to pass over one of the said metals, the said investigators obtained 
“ from the unsaturated hydrocarbons saturated hydrocarbons, partly 
“ with simultaneous condensation. 

“ I have found, that it is easy to convert by this catalytic method 
“ unsaturated fatty acids into saturated acids. This may be effected 
" by causing vapours of fatty acid together with hydrogen to pass 
“ over the catalytic metal, which is preferably distributed over a suit- 
“ able support, such as pumice stone. It is sufficient, however, to 
“ expose the fat or the fatty acid in a liquid condition to the action 
“ of hydrogen and the catalytic substance. For instance, if fine nickel 
" povder obtained by reduction in a current of hydrogen, is added to 
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“ chemically pure oleic acid, then the latter heated over an oil bath, 
“ and a strong current of hydrogen is caused to pass through it for 
“ a sufficient length of time, the oleic acid may be completely con- 
“ verted into stearic acid. The quantity of the nickel thus added 
“ and the temperature are immaterial and will only affect the dura- 
“ tion of the process. Apart from the formation of small quantities 
“ of nickel soap, which may be easily decomposed by dilute mineral 
“ acids, the reaction passes off without any secondary reaction taking 
“ place. The same nickel may be used repeatedly. Instead of pure 
“ oleic acid, commercial fatty acids may be treated in the same 
“ manner. The yellowish ffitty acids of tallow, which melt between 
“ 44 and 48° C. and whose iodine number is 35.1, will, after hydro- 
" genation, melt between 56.5 and 59° C., while their iodine number 
“ will be 9.8 and their colour slightly lighter than before, and they 
“ will be very hard. 

“ The same method is applicable not only to frt*e fatty acids, but 
“ also to their glyctirides occurring in nature, that is to say, the fats 
“ and the oils. Olive oil will yield a hard tallow-like mass; linseed oil 
“ and fish oil will give similar results. 

“ By the new method, all kinds of unsaturated fatty acids and their 
“ glycerides may lie easily hydrogenised. It is not necessary to 
“employ pure hydrogen for the purpose of the present invention; 
“ commercial gas mixtures containing hydrogen, such as water gas, 
“ may also be used.” 

The Patentee claimed: — “ 1. The process for converting unsatu- 
“ rated fatty acids, or their glycerides, into saturated compounds, 
“ which consists in treating the said fatty bodies with hydrogen in the 
“ presence of a finely-divided metal adapted to act as a catalyser, 
“ substantially as described. 2. The herein described manufacture 
“ of saturated fatty compounds from unsaturated fatty acids, or their 
“ glycerides, by means of water gas or similar gas mixtures.” 

On the 19th of December, 1911, Josejih Crosjield & Sons Ld. com¬ 
menced an action for infringement of the Patent against Techno- 
Chemical Laboratories Ld. and Nik Testrup, claiming the usual relief. 

The Plaintiffs by their Statement of Claim alleged that, (1) they 
were the owners of the Patent; (2) the Patent was valid and subsisting; 
(3) the Defendants had infringed and threatened and intended to 
infringe. 

By their Particulars of Breaches they alleged that, (1) the Defend¬ 
ants had infringed by importing into, and by the manufacture, sale, 
offering for sale, supply and use in, this country of compounds made 
in accordance with the process described in the Specification and 
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claimed in both the Claims, and by the use in this country of the proc¬ 
ess; and (2), in particular, the Defendants, and each of them, had, 
on the 1st of December, 1911, caused to be treated with hydrogen in 
the presence of a finely-divided metal adapted to act as a catalyser, 
in their factory situate at “ Fairlawn,” Clapham Park, in the county 
of London, 9 kilogrammes of cotton oil, in infringement of both the 
Claims. 

By their Defence the Defendants, (1) did not admit the allegations 
in paragraph 1 of the Statement of Claim; (2) denied that they, or 
either of them, had infringed or threatened or intended to infringe; 
and (3) said that the Patent was, and always had been, null and void. 

By their amended Particulars of Objections they said that, (1) 
Wilhelm Normann was not the true and first inventor. (2) The alleged 
invention was not subject-matter for a valid Patent, by reason of the 
common and/or public knowledge at the date of the Patent. The 
Defendants would refer to all the prior publications set out in para¬ 
graph 4 below as disclosing part of the public knowledge. (3) The 
alleged invention was not useful. (4) The alleged invention had been 
published in this realm prior to the date of the Patent: — (i) By the 
deposit in the Patent Office Library of the following Specifications: 
(o) British: — Lake (No. 2798 of 1883) and Ramage (No. 7242 of 1901). 

(b) German: — Ziirrer (No. 62,407). The whole of each of the Speci¬ 
fications was relied upon, (ii) By the sale and publication in the 
United Kingdom, and by the deposit in the Patent Office Library, of 

(c) “ Comptes Rendus de l’Acad6mie des Sciences,” of Paris, vol. 133, 
dated 1901, pages 321-4, comprising an article entitled “ Chimic 
“ Organique. — Nouvelle m4thode de preparation de I’aniline et des 
“ alcalis analogues.” Note de MM. Paul Sabatier et J. B. Senderens. 

(d) “ Bulletin de la Soci6t6 de Chimic,” series 3, vol. 1, pages 295-6, 
comprising a communication entitled “ No. 29. — Transformation do 
‘‘ I’acide oRique en acide st6ariquc ” by De Wilde and Reychler. (e) 
“ Journal of the Chemical Society,” London, for the year 1889, vol. 
56, part 2, page 1140, comprising an abstract of the communication 
of De Wilde and Reychler. (f) “ Watts’s Dictionary of Chemistry,” 
edition 1892, vol. 3, page 637, column 2, lines 42-4. (g) “ Sitzungs- 
“ berichte der Kaiserlichen Akademie der Wisscnschaften,” Vienna, 
1876, vol. 72, part II, pages 366-75, comprising a paper by Guido Gold- 
schmiedt, entitled “ Uber die Umwandlung' von Sauren der Reihe 
“ CnHjn-iOz in solche der Reihe CnHjnOs. (5) The Complete Speci¬ 
fication of the Patent did not particularly describe and ascertain the 
nature of the invention and in what manner the same was to be per- 

^j(lrmed, an;! was insufl^cient and/or misleading in the following par- 
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ticulars:— (a) No useful result could be obtained by following the 
directions given in the Specification, (b) No process was described 
by which, as alleged, saturation of unsaturatod fatty acids, or their 
glycerides, could be easily or at all effected, (c) No process was de¬ 
scribed by which fatty acids, or their glycerides, could be hydroge- 
nised by the action of catalytic iron, copper, cobalt, nickel or platinum. 
(d) No process was described whereby hydrogenation of fatty acids, 
or their glycerides, could be effected without the formation of secondary 
products, (e) No process was described whereby any useful results 
could be obtained by the use of any of the finely-divided metals men¬ 
tioned. (/) No process was described whereby fatty acids, or their 
glycerides, could, as suggested, be hydrogenised by treatment in a 
vaporised condition, (g) The treatment as described of oleic acid in 
the liquid condition did not result in complete saturation, as alleged, 
or in any practical or substantially useful saturation, {h) No suffi¬ 
cient directions were given as to the quality of catalyst, or the tem¬ 
peratures or times required to produce the alleged results, or as to 
what variations of those factors might be required for different cata¬ 
lysts, and those factors were not immaterial as to the alleged results. 
(i) 'J’he same catalyst could not be used repeatedly as described at 
page 2, lines 40 to 41. Alternatively, no sufficient directions were 
gi^'on to enable the same catalyst to be used repeatedly, (j) No useful 
rc'suit could-be obtained by the use of commercial gas mixtures as 
d(!scribed on page 3, lines 5 and 0. (k) No sufficient directions were 

given as to the preparation of nickel or other metal to be used as 
catalyst. (I) The statement on page 3, lines 3 and 4, of the Specifica¬ 
tion, r.amely, that by the new method all kinds of unsaturated fatty 
acids and their glycerides might be easily hydrogenised, was incorrect, 
(m) No sufficient directions were given as to which impurities might 
be present with, or as to which impurities must be excluded from, the 
hydrogen in order that the process might be carried out. 

By their further and better Particulars the Defendants alleged that 
as to paragraph 5 (1) of their Particulars of Objections, the following 
would not be easily or at all hydrogenised: — Olive, linseed, fish, 
whale, rape, and cottonseed oils, or any fatty oils; oleic, erucic, linolic, 
linoleic, and ricinoleic acids, or any unsaturated fatty acids, by treat¬ 
ment in a vaporised or liquid condition by the alleged new method. 
And they alleged as to paragraph 6 (m) that the following impurities 
must be excluded from the hydrogen in order that the latter could, by 
any process, hydrogenise fatty acids or their glycerides: — Sulphur, 
sulphuretted hydrogen, and all other volatile sulphur compounds, 
arsenic, arseniuretted hydrogen and all other volatile arsenic com- 
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pounds, phospliorus, phosphorctted hydrogen and all other volatile 
phosphorus compounds, chlorine, oxygen, the oxides of nitrogen, 
ammonia, and empyreumatic substances obtained in the production 
of water gas. 

Upon an application by the Plaintiffs for further and better Particu¬ 
lars as to paragraph 5 (Z), the Defendants alleged that no fatty oils 
and no unsaturated fatty acid could be easily or at all hydrogenised 
in a vaporised or liquid condition by the Plaintiffs’ process, and stated 
that they did not intend to offer any evidence of specific instances 
other than those specified in the Particulars. 

In their Answers to Interrogatories the Defendant Company stated 
that, on the occasion of the visit of the Patentee to the Defendant 
Company’s premises at Fairlawn, Clapham Park, on the 1st of De¬ 
cember, 1911, to inspect a process for the hardening of fats, there was 
used a cylindrical autoclave 1 metre high and | metre in diameter 
(inside measurements), with a steam jacket, and fitted with a non¬ 
conducting lining of unknown material. Nine kilograms of cotton oil 
were pumped into the autoclave, and 288 grams of a composition, 
containing a catalytic agent calculated on the oil, was used and was 
mixed with the oil prior to the introduction of the mixture into the 
autoclave. The autoclave was then filled with hydrogen from a 
cylinder to a pressure of 15 atmospheres. During the operation, the 
pressure varied from time to time according to the absorption of 
hydrogen. A mechanically driven circulation pump was connected 
with tne autoclave both by its suction and delivery conduits. By 
means of a pump and a jet for spraying, a mixture of oil and composi¬ 
tion containing the catalytic agent was drawn from, and forced back 
into, the autoclave. The iodine absorption was not determined. The 
composition containing the catalytic agent was prepared from a salt 
of nickel. The Defendant Company said that the catalyst was the 
subject of provisional protection (No. 4702 of 1912), and they ob¬ 
jected to giving further particulars, but subsequently they said that 
the composition was prepared as follows: — About 1| kilograms of 
nickel sulphate was dissolved in about 3 litres of water, and about the 
same weight of sodium carbonate, dissolved in about the same quan¬ 
tity of water, and at about 70-80° C., was added to the nickel sulphate 
which was at about 60-70° C. The mixture was stirred for about 
li-2 hours, and the precipitate was filtered off and washed with dis¬ 
tilled water, at about 25° C. for 60-70 hours alternately in tanks and 
filter press. A small sample was dried and tested to ascertain that 
the. precipitate had been sufficiently washed. The washed precipitate 
dried in hot air at 80-85° C., and was calculated to weigh 720 
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grams. It was then roasted in an iron frying pan for about 15 minutes 
over an open Bunsen gas burner, and the weight after roasting was 
calculated to be about 380 grams. The product was heated to about 
300° C. for about 6 minutes in a current of hydrogen in revolving glass 
tubes slightly inclined, the precipitate being introduced at the higher 
end and through a spiral glass tube, and the hydrogen at the lower end. 
The product, which weighed 288 grams, was directly introduced into a 
small quantity of oil, which was mixed with the 9 kilos the following 
day. 

The Defendants during the trial referred to the following papers: — 
Moissan, Oxides of nickel (“ Annales de chimie et de physique,” 1880, 
5th series, vol. 21, page 238) — the exhibit A.L. 9; Moissan and 
Moureu, Action of acetylene on iron, &c. (“ Comptes Rendus,” 1896, 
vol. 122, 1st half year, page 1240) — the exhibit A.L. 9; Sabatier and 
Senderens in the “Comptes Rendus” (the exhibit A.L. 5), Aetion of 
nickel on ethylene (124 (1897), page 616); Action of nickel on ethyl¬ 
ene; synthesis of ethane {ib., page 1358); Hydrogenation of acetylene 
in the presence of nickel (128 (1899), page 1173); Action of copper on 
acetylene; formation of a very condensed hydrocarbon, cuprene (130 
(1900), page 250); Hydrogenation of acetylene in the presence of 
copper [ib., page 1559); Hydrogenation of acetylene in the presence 
of reduced iron or cobalt {ib., page 1628); Hydrogenation of ethylene 
in the presence of various reduced metals {ib., page 1761); Hydro¬ 
genation of acetylene and ethylene in the presence of divided platinum 
(131 (1900), page 40); Action of various divided metals, platinum, 
cobalt and iron, on acetylene and ethylene {ib. (1900), page 267); 
Direcu hydrogenation effected in the presence of reduced nickel; prepa¬ 
ration of hexahydrobenzene (132 (1901), page 210); General method of 
synthesis of the naphthenes {ib. (1901), page 566); Hydrogenation of 
1 arious aromatic hydrocarbons {ib., page 1254); new method of pre¬ 
paring aniline and analogous alkalies (133 (1901), page 321); direct 
hydrogenation of carbon oxides in the presence of various divided 
metals (134 (1902), page 689); Hydrogenation of ethylenic hydro¬ 
carbons by the contact method {ib., page 1127); Synthesis of various 
petroleums: contribution to the theory of the formation of natural 
petroleums {ib., page 1185); Direct hydrogenation of acetylenic hydro¬ 
carbons by the contact method (135 (1902), page 87); Direct hydro¬ 
genation of oxides of nitrogen by the contact method {ib., page 278); 
and a paper by the same authors in the “Annales de chimie,” &c., 8th 
series, vol. 4 (1905), page 5 —an exhibit marked J.L. 1. 

Sir A. Cripps K.C. for the Plaintiffs. — The Plaintiffs are substan¬ 
tially Brunner, Mond & Co., and the real Defendants are Lever Bros. 
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Ld. An important feature of the invention is that it has enabled fish 
oils, and particularly whale oil, to be used for soap-making, hardening 
it and destroying its smell. Before the Patent, it was not known that 
,the catalytic hydrogenation of fatty acids or oils could be effected 
without alteration of the quantity of oxygen contained in the acids or 
oils. The Patentee did not discover any new method of using catalysts, 
but he used them successfully with bodies with which they had never 
been used before; and he found that catalysts could be used with sub¬ 
stances, that could not be readily vaporised, by simply treating them 
in the liquid state. That had been thought impossible. It is alli'ged 
that the directions given in the Specification are insufficient, but the 
Patent is for a principle of wide scope and there is no need for minute 
directions, because the process will work under all conditions. The 
invention has effected a revolution in the soap-making industry, and 
the Patent is a master Patent. The Specification describes a way of 
putting the principle into practice. Lake’s Specification deals merely 
with the extraction of glycerine from fatty substances, and has no bear¬ 
ing on the invention here; nor has Ramage’s Specification, which 
relates only to the drying of oils, without any hydrogenation. Ziirrer’s 
process is merely for saturating fatty acids with chlorine, and then 
replacing the chlorine by hydrogen by heating under pressure with 
water and metals; there is no catalytic action. Sabatier and Senderens 
state generally the catalytic action of certain finely-divided metals in 
adding hydrogen to incomplete organic molecules, and then go on to 
deal with the substitution of hydrogen for oxygen. The Patentee’s 
object is to keep the oxygen in the acids and oils, and to add hydrogen, 
and Sabatier would lead people away from that. The papers by De 
Wilde and Rcychler and Goldschmiedt do not deal with catalytic proc¬ 
esses at all. The Defendants allege non-utility, meaning that if the 
Patentee’s directions are followed the result that he describes would 
not be obtained. Several of the allegations in paragraph 5 of the 
Particulars of Objections arc mere general allegations that the Paten¬ 
tee’s process will not work. Catalytic action was well known, and it 
was not necessary to give directions as to the mode of preparation of 
the catalysts. The claim is for the application of known catalytic 
methods to substances to which they had not been applied before — 
for obtaining an old product by a new method. The Patentee men¬ 
tions nickel as a catalyst, as being the best metal for the purpose. A 
competent chemist would have no difficulty m finding what were the 
best temperatures and proportions. 

Evidence was given in support of the Plaintiffs’ case. 

IJr. A. Liebmann stated that fats could not be vaporized. There 
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was nothing in literature as to anyone, prior to the date of the Patent, 
having acted with liydrogen as a catalyzer on a liquid; Sabatier had 
said the presence of the liquid was fatal and destroye;d the catalyst. 
The liquid oils, after having been hardened and made into fats by 
the patented process, could be used for various purposes. In the 
case of the fish oils the disagreeable smell was destroyed, and cheap 
vegetable oils could be used for the manufacture of margarine, and 
oils could be rendered useful for soap-making or candle-making. Be¬ 
fore 1903 it was known that it was impossible to obtain a vapour of 
a glyceride, and that a fatty acid could be distilled in super-heated 
steam, or under reduced pressure. Steam would probably oxidise 
the catalyst unless hydrogen was present, and it would be excluded 
from vaporisation. The witness had used a current of hydrogen for 
the vaporisation of fatty acids. He gave details of experiments he 
had successfully made in the application of the patented process. 

Dr. F. W. Paesmore stated, inter alia, that the groat part of the 
invention was that it had shown the erroneous character of the old 
theory that anything that would tend to cover up the surface of the 
catalyst would destroy it, and had shown that it was possible to 
cataly.se in fat. 

Sir Jamcn Dewar also gave evidence. 

Walter K.C. summed up the Plaintiffs’ case. — Moissan and Moureu 
ii. 1890 dealt with the action on a mixture, of acetylene and hydro¬ 
gen, of iron, nickel and cobalt prepared by reduction with hydrogen 
at as low a temperature as possible. They found that, when incan¬ 
descence took place, part of the acetylene was polymerised, and part 
was split up. Their theory was that the porous state of the metal 
led to the condensation of the acetylene, and the evolution of heat, 
and that all bodies having that catalytic or pyrophoric structure 
Toust give an identical result. They referred, as to the precautions 
10 be i-aken in obtaining the nickel, to the paper by Moiesan in the 
“ Annales de Chimie,” 1880. Dr. Passmore said that he found in¬ 
structions to obtain the hydrated oxide of nickel in a finely-divided 
state by precipitation from the nitrate, sulphate, or carbonate, and 
that the finely-divided nickel, obtained from that oxide by reduction 
at as low a temperature as possible, would be pyrophoric and de¬ 
compose acetylene. Sabatier and Senderens continued Moissan’s 
work, and, in their Papers on the action of nickel on ethylene, said 
that the reaction takes place with the catalytic nickel, with nickel 
reduced at a red heat, or even with nickel filings. Then they dealt with 
the conversion of ethylene into ethane by means of hydrogen and a 
catalytic agent. After that, they dealt with the hydrogenation of 
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ecetylene in presence of nickel, and with the action of copper and of 
iron and cobalt on acetylene, and with the hydrogenation of ethylene 
in presence of various reduced metals, witli the hydrogenation of 
benzene, and with the preparation of aniline from nitro-benzcnc and 
analogous nitro-bodies. The results show that it is impossible to 
say that the method that will act in some cases will act in others, or 
to see why the fatty acids do not wet or act upon the surface so as 
to inhibit the action of the catalyst. Nowhere throughout those 
Papers is there any work with other than pyrophoric bodies, except 
in the case of acetylene and ethylene. Normann continued the 
work. He referred to the literature telling how to prepare the cata¬ 
lysts, although he need not have done so, as the literature was part 
of the common stock of knowledge of chemists. He stated that the 
fatty acids, not their glycerides, may be treated in the vaporised 
condition. There is no mystery as to the method of converting them 
into vapours. It is a common operation to bubble hydrogen through 
a liquid, and get the vapour of the liquid mixed with hydrogen. And 
Sabatier described that method, and also the use of a capillary tube. 
Then came Normann’s great discovery, that the fatty acids, and their 
glycerides, could be treated in the liquid condition. Tlie explanation 
seems to be that the liquid does not wet the metal, just as oil will 
stick to metal and not to rock, and so float up the metal. As to the 
use of an oil-bath, that appliance is used when the temperature de¬ 
sired is from about 100° to 250°. All the experiments conducted at 
temperatures between these limits succeeded. No chemist would 
endeavour to obtain finely-divided nickel by first grinding the oxide. 
In some of the Defendants’ experiments the oxide from which the 
nickel was obtained was ground; it ought to have been precipitated — 
grinding will not give the fineness required. 

Astbury K.C. for the Defendants. — The precipitated oxide dries 
into a hard cake, that has to be ground. There is no evidence that 
Normann’s process is useful. The solidification of oils in this coun¬ 
try is only now coming into commercial use. An ordinary chemist 
might work on Normann’s process for years, and obtain no useful 
result at all. The Specification is deficient as to any valuable direc¬ 
tions, and is misleading. To obtain a useful result something must 
be done that is not even hinted at in the Specification or in Sabatier’s 
papers. A catalyst that will work with one sample of some particu¬ 
lar fatty acid or glyceride will not work with another sample. The 
whole matter is mysterious. Sabatier did not use the pyrophoric 
metal used by Mmssan, and the Specification ought to have given 
(directions on the point. The Specification may be construed as 
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saying that fats may be treated in the vaporised state, though it is 
sufficient for them to be treated in the liquid condition; and it is ad¬ 
mitted that fats cannot be vaporised. The nickel used by the De¬ 
fendants has been obtained by the ordinary process of reduction in 
hydrogen, and, if that is not sufficient, the Patent is invalid for in¬ 
sufficiency of the Specification. The Patentee says the temperature 
is immaterial, but no one has used a temperature below 100°, and 
some of Sabatier’s processes take place in the cold. If Normann had 
tried besides nickel, iron, cobalt, and copper, he would have found 
out certain differences between their action and that of nickel, and 
in that case he ought to have disclosed the best method of carrying out 
the process. He says that water-gas may be used; that means com¬ 
mercial water-gas, which contains sulphuretted hydrogen and cannot 
be successfully used. The Claim is for applying catalysis to the fatty 
bodies by vaporising or by the liquid process. The Plaintiffs’ wit¬ 
nesses state that if one makes reduced nickel by the processes described 
in the text-books one will fail, and Dr. Liebmann went so far as to say 
that one would probably fail if one bought nickel oxide in a shop and 
reduced it as told by Sabatier. The Plaintiffs say their case stands or 
falls on being able to confine their Patent to preparing the catalyst 
by the particular method described in Sabatier’s and Moissan’s papers. 
But Moissan describes the reduction of the hydrated sesquioxide of 
nickel obtained by the action of chlorine on the hydrate of nickel 
protoxide and neither Sabatier nor Normann suggests that it is neces¬ 
sary to use the oxide prepared in that way. The use of chlorine 
would “ poison ” the catalyst. The Plaintiffs say that the nickel, to 
be catalytic, must be pyrophoric, but pyrophoric nickel will not act 
in some cases. For some unexplained reason, it will harden one 
sample, say, of linseed oil, but not another sample. The action de¬ 
pends on the mode of preparation of the body from which the oxide 
is made, on something in the fatty body, and on the temperature. 
Sabatier is actually misleading, as he did not say that it is material 
how the oxide is made, and he did not say anything about the mode 
of preparing the bodies from which the oxide is obtained. Mr. Bal- 
lantyne followed Normann, Sabatier, and Moissan and failed in every 
case. Then he had a suggestion from the Defendant Testrup, not 
given by the Plaintiffs’ authorities, and in some cases he succeeded 
and in some he failed. He had found a similar result in repeating 
Dr. Passmore’s experiments. Iron with acetylene is very pyrophoric, 
but iron as a catalyst for hydrogenation is practically useless; it will 
not act at all with liquids. The temperature at which the catalyst 
is prepared is immaterial except as to acetylene. Sabatier said that 
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the catalytic decomposition of ethylene takes place very well if the 
nickel has been reduced at a red heat, and in that case it is not 
pyrophoric. But the nickel is not so active as if it had been reduced 
at 300°, which is not Moissan’s temperature. A chemist reading 
Sabatier’s Papers would conclude that the density of the nickel is not 
increased by higher temperature, whether it is partly in the reduction 
or in the next process. Sabatier says the nickel must be freshly re¬ 
duced; tl>e Defendants have always freshly reduced theirs. He says 
that acetylene can be hydrogenised by sheet copper. There is not a 
single suggestion in Sabatier’s Papers that one is to reduce from a 
hydrate, and from a body that itself has been prepared at a low tem¬ 
perature, and still less is there any suggestion that the temperjiture 
of reduction in any case .should be Moissaji’s 240°, instead of 300°. 
The Specification is capable of being construed as meaning that the 
vapour process is applicable to the fats as w(dl as to the fatty a(nds, 
that the expression “ fatty acids,” when used alone, stands both for 
the acids and their glycerides, the fats. The Patentee either knew, 
or did not know, that Sabatier’s method would not act, that it was 
necessary to adopt Moissan’s method of reduction from a higher 
oxide at a low temperature, and that the hydrate, instead of the 
oxide, must be used. If he knew any one of those three matters, 
which are essential to success, he has not mentioned them; if he did 
not know them, then he has not made an invention. And, even if 
the catalyst is prepared by the Plaintiffs’ method, with certain of the 
fats and fatty bodies, no result is obtained. To infringe a master 
Patent by the use of an equivalent, the equivalent must be known at 
the date of the Patent to be an equivalent. Ini 903 it was not known 
that, in acting catalytically on a liquid, it was equivalent to bubbling 
hydrogen through the liquid to take a fatty body and the metal and 
spray them into a chamber containing hydrogen under pressure, for 
it is admitted that no catalysis of a liquid was known at all, and none 
of the witnesses knew of any process, catalytic or other, in which the 
metal and body were sprayed together, or any liquid with metal in 
suspension in it was sprayed into a gas under pressure. That is an 
invention of Testrup, and will give results that the Patentee’s process 
will not give. The Patentee says that temperatures are unimportant; 
Sabatier says they are most important; they vary greatly with each 
catalyst and body acted on; it is impossible to get any general law 
out of Sabatier at all. There is no evidence that the patented process 
has ev6r been worked. 

Evidence was given in support of the Defendants’ case. 

H, BaUantyne, in answer to questions dealing with the point whether 
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a chemist would know that by obtaining nickel oxide through the 
hydroxide by precipitation, he would get the oxide in a more porous 
form, stated that a (diemist could get the oxide in a bulky but finely- 
divided state, and that he would know that he would have a more 
finely-divided material than if he went to a higher temperature. The 
witness said that, as to specimens of nickel reduced from the oxide 
and nickel reduced from the carbonate, the latter would be more 
bulky, and more finely-divided, but would have a larger particle; 
the two specimeas could both te sufficiently rapidly permeated by a 
gas, and the denser of the two would have bettor pyrophoric proper¬ 
ties than the other, but pyrophoric activity was independent of cata¬ 
lytic activity; in the case of the hydrogenation of oil one is dealing 
with a liquid getting into a porous body. When the nickel oxide was 
reduced, nickel would, by the removal of the oxygen, be left in a 
cavernous condition, though there might be some contraction. 

0. Hchner stated, that he had made a serie.s of experiments — in 
which he used the pun^st oleic acid, and 2 per cent of the most active 
nickel reduced at dG0° from purest nickel oxide for three hours. The 
rate of hydrogen flow was about 14 litres per hour, and the depth of 
the oil column 4 inches and the width l-j inches. The temperatures 
throughout the nwpcctivc experiments were 90°, 100°, 120°, and 150°. 
The original iodine absorption was 86.4 per cent. After 18 hours 
10 minutes, it was reduced in experiment (3) to 85.1 and in (4) to 
81.7, in (5) to 82.9, and in (6) to G1.8; and in the last experiment, after 
57 hours 5 minutes, it was reduced to 45.5. 

Dr. Julius Lewkowitsch stated, that before 1903 he had read 
Sabaiie/’s earlier Papers and had tried to hydrogenate oleic acid, as 
vapour and as liquid, with nickel; but had failed. He had prepared 
the nickel by converting the sulphate into carbonate, converting that 
into oxide, and reducing the oxide at 400° or a little above. Then he 
had read the Specification, but had again failed. Later he had read 
Sabatier’s Paper of 1905 and had succeeded after two years’ work. 

0. Hchner, recalled, stated, that, in preparing the nickel he used, 
he had made the green hydroxide, and treated it with chlorine, obtain¬ 
ing Moissan’s sesquioxide. 

Dr. A. Liebmann, recalled, stated in cross-examination, that he 
had made a number of further experiments. For one, he had bought 
nickel protoxide, reduced it at 300°-320° (1., and used it for the 
hydrogenation of oleic acid and had succeeded. 

Jenkins K.C. summed up the Defendants case. — The Patent is 
invalid, first, because the Patentee claims a process for converting 
unsaturated fatty acids into saturated compounds by a catalytic 
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method applied to the vapours of the fatty acids, which process is not 
useful; secondly, because he claims a process for converting unsat¬ 
urated fatty acids, or their glycerides, into saturated compounds by 
a catalytic method applied to the vapours of the glycerides, w'hich 
process is impossible; thirdly, because he claims the' substitution of 
commercial gas mixtures for hydrogen in carrying out his processes, 
whereas the use of those gas mixtures renders the processes, if other¬ 
wise practicable, impracticable unless the mixtures are purified, and 
he gives no directions for their purification; fourthly, because he 
claims a catalytic method wherein metals other than nickel, and par¬ 
ticularly iron, cobalt, copper, and platinum, are employed as the 
catalysers, which processes are impossible or impracticable; or, alter¬ 
natively, the Specification is insufficient and misleading in that no 
sufficient directions are given as to the catalytic substant^e necessary 
to be employed to enable the invention to be carried out; and, fifthly, 
because the Specification is insufficient in that no sufficient directions 
are given to enable the invention to be performed so far as the same 
relates to the processes claimed for the conversion of unsaturated 
fatty acids or their glycerides in a liquid condition into saturated com¬ 
pounds. The first four reasons depend to a great extent upon con¬ 
struction, and do not involve much dispute as to facts. If any one of 
them is valid, it is possible that the Patent might be made good by 
amendment, but if the fifth reason — the broad attack — is valid 
then the Patent could not be made good by any amendment. If the 
Defendants succeed on any one of these points they are entitled to 
have the action dismissed. The first objection assumes, for the pur¬ 
pose of argument, that the Specification tells how the process can be 
carried out, but asserts that when carried out it is useless. As to the 
vapour process, the Patentee seemed not to know that the fats cannot 
be vaporized, as, in 1912, he applied for a Patent in the Transvaal 
and said in his Declaration that the glycerides might be exposed in a 
vaporised condition to the action of the hydrogen and catalyst. With 
regard to the use of commercial gas, which is the subject of a separate 
Claim, Sabatier removed the sulphuretted hydrogen that would be fatal 
to the process, but the Patentee gives the impression that purifica¬ 
tion is not necessary. The Defendants have shown that one cannot, 
by using iron, cobalt, copper or platinum as catalysts, bring about 
the hydrogenation. The Plaintiffs’ witnesses say that they have 
effected the hydrogenation with iron, cobalt and copper in the vapour 
process; but the Defendants have shown that one cannot succeed 
with these metals or platinum in the liquid process. If the Patentee 
claqns hydrogenation in the liquid process by a metal other than nickel. 
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the Patent is invalid. With regard to platinum black, the Plaintiffs 
have not shown that it will work with anything. They say that it is 
not material, tluit is a question of construction; and the Defendants 
say that the (daim includes finely-divided platinum. As to the gen¬ 
eral scope of the Specification, the expression “ this catalytic method ” 
means the use of the finely-divided metals to exercise a catalytic 
action with hydrogen as they did with oxygen. The Plaintiffs seemed 
to think that Sabatier’s Papers were to be treated as if the Patentee 
had recited them, but that is a false construction. He did not recite 
them, but he recited prior knowledge so far as was known to him, and 
exhaustively, as he mentions platinum black, and makes it clear that 
he may include platinum sponge. Then he gives general directions 
that it is sufficient to expose the fat or fatty acid, in a liquid condition, 
to the aedion of hydrogen and the catalytic substance. That is the 
Patentee’s claim. It is not narrowed by what follows. The Patentee 
has thrown his net very widely, and has taken a correspondingly 
lieavy burden. He thought he had discovered a new principle, and 
had found that the supposed capriciousness of catalytic action did 
not exist. The Plaintiffs have been working on this subject for years, 
but they have not told the Court what they have been doing. It is 
diffi(!ult to avoid reading their subsequently-acquired knowledge into 
the knowledge! of 1903. It may be said that the Patentee has pre- 
scrib(!d, in a loose way, a range of temperature from 100° to 250° — 
the rang(; of an ordinary oil-bath; but he has stated that the reaction 
will be obtained at 100° with every body treated. And, as he says 
that temperature is immaterial, he has not purported to give any range 
of temperature. The Plaintiffs have to choose between saying that 
the statement that temperature is immaterial is of general application, 
in which case the Patent is clearly bad, and saying that the direction 
merely refers to the instance given, of nickel, and that the statement 
means that having found a temperature at which the reaction is 
obtained, it is immaterial whether or not one goes higher. The in¬ 
stance, and the direction as to the oil-bath are not of the essence of 
the invention. It has been proved that the temperature and the 
proportions are vital. As to the water-gas, if one purifies it, one does 
something that makes the hydrogen operative, and so the process 
comes within Claim 1. If the words “ temperature is immaterial ” 
are of general application to the Specification, they are misleading 
and invalidate the Patent; if they refer only to the specific instance 
then the Specification is insufficient as to the general process. The 
differences of opinion between the experts have been narrowed down 
to the mode of preparation of the catalyst — the nickel. Mr. Uehner 
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used temperatures of about 300“ for the reduction of the oxide, and 
sometimes went to 340“; Dr. Ldebmann went as high as 360“ in one 
case. The question is further narrowed down to the preparation of 
the oxide. The process can be carried out with finely-divided metal 
obtained from any oxide, but only with certain bodies, and with cer¬ 
tain precautions. Moissan’s Papers have no bearing on the matter. 
His Paper of 1880 was simply directed to the investigation of the 
allotropy of certain oxides. The experiments of the Plaintiffs’ 
witnesses had, in order to succeed, to be conducted with special 
stirring apparatus and a strong current of hydrogen, precautions that 
are not indicated by the Patentee. The failure of Dr. LcwkowiUch 
to obtain Normann’s results, although following his Specification care¬ 
fully, shows that the Specification is insufficient. The Patcnti'e 
assumed that the catalyst that would act with the ga.ses would act 
with the liquids, and it turned out that it would not. As to infringe¬ 
ment, the Defendants’ method is an improvement on the Patentee’s, 
and if his claim is limited to his precise description, it is not an (spiiv- 
alent. 

Sir A. Cripps K.C. replied. — As to the knowledge at the date of the 
Patent, the references to Sabatier imply a reference to Moissan, and 
Sabatier says that the best method is to prepare the catalyst in the 
way described by Moissan, that is, in order to get a porous oxide, 
hydrate should be used. The Plaintiffs’ witnesses went through the 
sesquioxide and the hydrate to the protoxide, and showed that the 
process worked best in that way. They tried further experiments 
with oxides made from the carbonate, sulphate, and nitrate, and suc¬ 
ceeded. The invention is of enormous value; it is said to be worth 
a quarter of a million a year; and there can be no question as to utility, 
or as to the sufficiency of the statement of the invention. The only 
question is as to the sufiiciency of the directions. The stirrer and the 
strong current of hydrogen used by the Plaintiffs’ witnesses were 
expedients such as would naturally be adopted by a chemist wishing 
to get contact between the reagents. Supposing the invention to 
be the hydrogenation of unsaturated fatty acids, and oils so as to 
saturate them, and the Patentee gives one example that works, that 
is sufficient. Possible complications with different catalysts have 
nothing to do with the matter. With regard to the presence of sul¬ 
phuretted hydrogen in water-gas or illuminating gas, a chemist would 
know that sulphur is a “ poison ” to the catalyst and would remove 
it from the water-gas, and it is not found in modern illuminating gas. 
The direction that the catalyst is to be finely divided is sufficient to 
ihdietite that it is to be as finely divided as possible. The use in the 
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Claim of the expression “ adapted to act as a catalyst ” has been 
objected to, but such a description is properly employed in a claim 
for a wide principle. The further experiments of Dr. Liebmann and 
Dr. Passmore were conducted in accordance with the directions given 
in the Specification. They started with a fine nickel powder obtained 
by reduction in a current of hydrogen, added to it oleic acid, as pure 
as possible, lieated it over an oil bath and passed a strong current of 
hydrogen through it, so as to keep the metal in a state of suspension. 
They succeeded, and the only objection made is that they added 
stirring, but that is an expedient that would naturally and properly 
be adopted. 

Neville J. — Tlie Specification in the present case is short and in¬ 
artificial. The Patentee discloses, I think, clearly enough what he 
claim.s to have discovered. It was, in the first instance, that the satu¬ 
ration by hydrogen or hydrogenation of unsaturated fatty acids and 
tlieir glyceridcvs, fats and oils, could be attained by catalysis. In in¬ 
troducing his discovery, he refers to the fact that it had already been 
disclosed tliat, in certain cases, catalytic action with hydrogen had 
been brouglit about by the presence of finely-divided platinum, and 
furtli(!r that Sabatier and Semlerens had extended discovery in this 
direction by sliowing that other finely-divided metals, namely, iron, co¬ 
balt, copper, and especially nickel, might take the place of platinum. 
He tells us that Sabatier — I will use this name as including Senderena 
— obtained saturated hydrocarbons from unsaturated hydrocarbons 
(partly with simultaneous condensation, which 1 take to mean what 
he calls later secondary reactions), namely, acetylene, ethylene, or 
benzene, by causing their vapours mixed with hydrogen gas to pass 
over one of the said metals. Reading the Specification as a whole, 1 
think he then proceeds to tell us that his discovery is that it is easy by 
‘‘ this catalytic method ” — which means, I think, hydrogenation by 
catalysis — to hydrogenise all kinds of unsaturated fatty acids and 
their glycerides, that is to say, fats and oils. I may say, in passing, 
that the glyceride is merely the fatty acid with the addition of gly¬ 
cerine, and the fats and oils, thus .composed, differ from the fatty acids 
in this respect, that while fatty acids may, under certain conditions 
bo vaporised, fats and oils cannot. How to vaporise a fatty acid the 
Specification does not tell us, but Normann says that hydrogenation 
of the unsaturated fatty acid may be obtained by causing it in vapour 
with hydrogen to pass over the catalytic metal. This vaporisation, 
however, he declares to be unnecessary, since it is sufficient to expose 
the fat or fatty acid — that is to say, any unsaturated fatty acid or its 
glyceride — in a liquid condition to the action of hydrogen and the 
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catalytic substance. The evidence shows the advantage of treating 
the fats and fatty acids in the liquid state without vaporisation to be 
very great, and I think Normann did not intend to indicate vaporisa¬ 
tion as part of his process, but to point out that you could obtain hydro¬ 
genation by a far simpler method. To dismiss this point at the outset, 
I do not think, upon any construction of the Specification, that the 
difficulty of vaporisation, even if it wen; as great as the Defendants 
suggest, would avoid the Patent. If the Specification is sufficient in 
other respects, what Normann here says is true, and, even if the proc¬ 
ess by vaporisation is of no commercial value, the liquid process is, 
and 1 think the Patent would stand. Having told us that treatment 
in the liquid state suffices, Normann discloses an instance in which he 
alleges that pure oleic acid may be completely converted into stearic 
acid, that is, a non-saturated fatty acid into a saturated fatty acid. 
1 think, if he has described a process by which this may be done, and 
if that process is effective with all fats and oils and all otlu^r fatty acids 
in combination with any “ finely-divided metal adapted to act as a 
catalyser ” (including platinum, iron, cobalt, copper, and nickel), the 
Specification would l)e sufficient. Indeed, I should be inclined to hold 
that, if the invention was substantially co-extensive with the Cfiaim, 
proof that some fatty acid or oil could not be successfully treated by 
one or more of the catalysers mentioned was immaterial, so long as the 
exception was of no commercial importance. 

There are minor points upon the construction of the Specification 
raised, such as the possibility of using commercial gas mixtures as a 
substitute for hydrogen, but I will, in the first instance, examine the 
question of whether the process which Normann describes will effect 
the result which he claims for it, and 1 will here say that, if by his proc¬ 
ess a substantial saturation is effected, sufficient for technical pur¬ 
poses, I should not consider its failure to ensure complete saturation 
fatal, notwithstanding that he has stated that the oleic acid may bo 
completely converted into stearic acid; nor should I think it fatal if 
some secondary reaction took place, notwithstanding his declaration 
to the contrary, so long as such reactions did not substantially interfere 
with the utility of the process. 

In my judgment, the right of a Patentee to his monopoly is essen¬ 
tially a matter of substance, and the question to be decided a broad 
one, namely, whether he has in substance given the consideration 
which the grant of the Patent requires. 

Now let us turn to Normann’s Specification and see what are the 
conditions to be fulfilled to obtain the result which he indicates. First 
nickel powder obtained by reduction in a current of hydrogen is 
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to be procured. There is no special moaning, I think, to be attached 
to tile word “ powd(!r,” except that the product is to be in a fine state 
of division; but the evidence shows that, if metallic nickel is to be 
obtained by reduction, it must be obtained by reduction of the oxide; 
so wo take finisly-dividcd nickel obtained by reduction of nickel oxide 
in hydrogen and add it to chemically pure oleic acid. For pure oleic 
acid, we may substitute any commercial fatty acid, or fat, so far as the 
method is concerned; though, of course, if we do, we cannot expect 
complete conversion of the whole compound, inasmuch as impurities 
may be expected. Then the oleic acid is to be heated over an oil-bath. 
No temperature is mentioned. The ordinary temperatures for which 
oil-baths are used are variously stated as extending from 50° or 100° to 
250° C., but, inasmuch as the inventor tells us immediately after that 
the quantity of nickel added and the temperature are immaterial and 
will only affect the duration of the process, 1 think it is impossible to 
construe the Specification as giving any direction as to the temperature 
to bo employed, unless, perhaps, one may say that, as heating is 
directed, it should be something above room temperature — how much, 
I think, one docs not learn. A strong current of hydrogen is to be 
passed through the mixture, and I think it is common ground that the 
current should be strong enough to keep the metallic nickel suspended 
in the liciuid in order to give the opportunity of contact between the 
surface of the nickel and the molecules of the other bodies. 

Before proceinling further, I will put in untechnical language what 
I understand from the evidence to be conveyed by the word “ catal¬ 
ysis.” It appears that in the presence of, or in contact with, certain 
ractalf!, chemical bodies undergo changes which do not otherwise take 
place. The reactions induced by the presence of the catalyst may 
involve merely the splitting up of a single chemical body, of which the 
decomposition of acetylene in the presence of finely-divided nickel is 
an instance, or the combination of two chemical bodies which, but 
for contact with the catalyst, would have retained their composition 
unchanged, although in contact with one another. The hydrogena¬ 
tion of a fatty acid where hydrogen and the fatty acid are brought 
into contact in the presence of a suitable catalyst is an instance of the 
latter kind of reactions, and that which forms the subject-matter 
of the present invention. 

To return to the Specification, the experiments made by Mr. 
Ballantyne and Mr. Hehner show that you may take finely-divided 
nickel, or nickel powder, obtained by reduction from the oxide in a 
current of hydrogen, and add it to pure oleic acid or any other fatty 
acid, warm the mixture, and pass through it a strong current of hydro- 



APPENDIX 


r>24 

gen, witliout obtaining the catalytic reaction indicated by the Paten¬ 
tee at all. That, by preparing your nickel powder in a special way 
and raising the temperature to a certain degree, you may obtain the 
result required, although the reaction appears to bo very capricious, 
is shown by the experiments of Dr. Ldebmann and Dr. Passmore and 
admitted by Mr. Ballantyne. The Plaintiffs’ contention is that the 
success of Dr. Liebmann and Dr. Passmore is conclusive to establish 
the validity of the Patent, for it is said that these gentlemen did no 
more than the Specification directed. They say that it was known 
in 1903 that catalysis was a surface or contact action, and that, for 
the purpose of obtaining contact, the finer the division the better the 
chance, and that it was known that, for th(^ purposes of catalysis, the 
oxide should be reduced to the metal at the lowest possible; ternpcT- 
ature, or at about 300° (k Therefore, they say that any (Himpetcnt 
chemist upon reading the Specification would, as of course, take 
nickel oxide as finely-divided as possible, and reduce it in hydrogen 
at a temperature of from 300° to 350°. 

I pause here to state certain conclusions at which I have arrived 
upon the evidence. It appears that the fineness of division of the 
nickel — by which is meant the minuteness of the pieces composing 
the substance, depends — not upon the temperature (within the 
ranges of temperature which are dealt with here) at which the oxide is 
reduced to the metal, but upon the physical .state of the oxide with 
regard to minuteness of division at the time when the n’ductioii com¬ 
mences, the number of pieces of metal after the reduction being sub¬ 
stantially the same as the number of pieces in the oxide. Therefore, 
the temperature at which the reduction takes place is in thi,s connec¬ 
tion immaterial. The activity of a catalyst doi's not, however, I 
think, depend solely upon minuteness of division, but upon the po¬ 
rosity of the pieces of metal composing the powder. In the course of 
reduction, when the oxide gives up its oxygen, the metal left behind 
is in a porous, or what has been described as a cavernous condition, 
the result being that, inasmuch as the fatty substance may be able 
to penetrate into the cavities, a greater surface is afforded for contact 
than if it were in a denser or more solid condition. This distinction 
has, I think, not been sufficiently regarded in some parts of the 
evidence, the words “ finely-divided ” having been sometimes used 
to denote porosity, rather than the smallness of the pieces into which 
the. metal is divided. Mr. Ballantyne, explaining the different quali¬ 
ties required for pyrophoric purposes and catalytic purposes, speaks of 
metal in larger particles or grains being more finely-divided than metal 
smaller particles or grains. I do not think that, in fact, the words 
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“ finely-divided ” have a meaning in chemistry different from that 
which they bear in English. The effect of lieating is to cause the 
porous metal to contract and become denser; hence the desirability 
of reducing the oxide at a low temperature; and I think to-day it 
would be common ground that the most promising catalyst for hydro¬ 
genation would be a suitable metal in the highest state both of fine 
division and porosity. At the same time, it must be remembered that 
this so-called catalysis remains unexplained. All that is known 
about it is, that it happens, and no one can safely predict what will 
happen in any case not already tested by experiment. Nothing 
seemed more unlikely hdora Normann’s discovery than that this cata¬ 
lytic method should be available for the saturation of fats and oils. 

Papers by Mnissan and Sabatier are relied upon by the Plaintiffs 
in two ways; first, because Sabatier is referred to in the Specification, 
and Moissaii is referred to by Sabatier, and it is said that this is an 
express reference by the Patentee adding to the information given 
by the Specification all the information to be gleaned from these 
Papers, and in them, it is said, are to be found directions how to pre¬ 
pare your catalysts for Nermann’s invention; and, secondly, it is 
said that, at all events, what was contained in them was public knowl¬ 
edge, and the hypothetical competent chemist was bound to supple¬ 
ment the Specification with the knowledge acquired from Sabatier. 

The first contention is, in my judgment, untenable. It may per- 
hap.s be permissible for a Patentee to say in his Specification: — “ For 
“ the purpose of carrying my invention into effect, I refer you to such 
“and such a publication in which you will find all necessary directions.” 
I doubt if this would fulfil his obligations to the public, but, at all 
events, on turning to the publication indicated, you must find in clear 
and precise terms the very process which he claims, or one which, 
without further experiment, can be applied for the carrying into effect 
of his invention. To turn the hypothetical chemist loose into the 
labyrinth of long chemical papers dealing with a variety of subjects 
more or less connected with the matter in hand, and tell him to search 
for himself and adopt for the purposes of the invention what he 
deems applicable, would be to fall altogether short of his duty as 
patentee. On the question of common knowledge, I think there 
must be shown something more than the fact that there has been 
recently published information which, though not directed to the 
matter in hand, ought, if properly understood and digested, to have 
led the inquirer to adopt certain methods and precautions in carry¬ 
ing out the invention with regard to which the Specification is silent. 
But further, if every line of Moissan and Sabatier were read, I do not 
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think it would lead the inquirer to suppose that any particular 
method of preparing the oxide for the purposes of Normann’s process 
was necessary, nor indeed, as the experiments show, was it. Muis- 
san’s Paper is a description of an isolated demonstration of the reduc¬ 
tion of a sesquioxide of nickel prepared in a particular way through 
various transformations down to metallic nickel, and is referred to by 
Sabatier in a Paper but remotely bearing upon Normann’s invention. 
It is true that Moissan declares that the resulting metallic nickel will 
be pyrophoric, but it appears to me that there is no direct connection 
between a metal being pyrophoric (that is, being in a state in which 
it will oxidise in ordinary temperature at a white heat) and being a 
catalyst which can be relied upon to realise successfully Normann’s 
invention. Indeed, the fact that some of the catalysts used by Mr. 
Ballantyne and Mr. Hehner in unsuccessful experiments were pyro¬ 
phoric, seems conclusive on this point. 1 think, therefore, the question 
of how to prepare a finely-divided metal so that it may be pyrophoric 
is not relevant to the present case. 

I come to the conclusion, upon the evidence, that Normann’s 
process will not produce the result he claims for it unless the fine nickel 
powder is obtained in a special manner not indicated by the Specifica¬ 
tion, or unless a very strong current of hydrogen is used, and mechan¬ 
ical stirring or some other special device is resorted to. The possible 
effect of violent agitation in keeping the surface of the catalyst free 
from the poison of the oil is pointed out by Mr. Ballantyne. No hint 
of such a necessity is to be found in the Specification, and I think the 
hypothetical chemist was entitled to suppose that the process de¬ 
scribed in the Specification was sufficient to effect its purpose, and, 
having applied that process and failed to produce the result, was 
entitled to consider himself misinformed, without resorting to exper¬ 
iment to see in what manner the directions failed. The discovery 
was entirely new and contrary to anticipation, and the process de¬ 
scribed by Normann, for all that was generally known on the subject, 
might very well have been sufficient. There was no reason to pre¬ 
sume any necessity to add to the directions, which he gave, anything 
from the stock of common knowledge. What appears to me very 
strong confirmation of the insufficiency of the Specification is to be 
found in the evidence of Dr. Lewkowitsch, a great authority on the 
subject. Dr. Lewkowitsch had endeavoured himself to obtain the 
saturation of oleic acid by the use of nickel as a catalyst and had 
failed. He afterwards became acquainted with Normann’s Specifica¬ 
tion, and tped a further series of experiments with no greater success, 
had obtained his catalyst from a solution of sulphate of nickel. 



APPENDIX 


627 


He afterwards read some further Papers by Sabatier, published in 
1905, recommending amongst other things the use of nitrate in place 
of sulphate of nickel, and pointing out that nickel lost its catalytic 
properties if exposed to too high a temperature. With these hints. 
Dr. Lewkomitsch recommenced his experiments, and after several 
years succeeded in solving the problem. It is said for the Plaintiffs, 
and truly said, that sulphur was known to bo what is called a poison 
to a catalyst and that therefore sulphate of nickel ought not to have 
been employed, but the precipitate was properly washed, and there 
was, in 1903, no reason to suppose, if this was done, that sulphur 
to an injurious extent would remain. Moreover, no warning is given 
in Norrnann’s Specification against the use of sulphate of nickel, or 
as to the temperature to be employed in reduction. The evidence 
in this case shows that a catalyst prepared from the sulphate may 
be successful, and also that nickel may be heated to a red heat with¬ 
out destroying its catalytic properties. Certain passages in subse¬ 
quent publications of Dr. Lewkowitsch have been referred to as dis¬ 
counting the evidence given by him in this action. It seems to me 
that they do not diminish the weight of his testimony. Here was a 
chemist, having special acquaintance with the subject, who tried a 
method of saturating oleic acid, identical with that described by Nor- 
mann, and failed, studied Normann’s Specification and, after repeated 
experiments, again failed, and, after receiving what he says was a 
clue from a publication by Sabatier in 1905, succeeds only then after 
experiments extending over several years. So that we find a chemist 
of exceptional (lualifications, deeply interested in the subject, failing 
for years, after repeated experiments, and careful study of Normann’s 
Specification, to achieve what I am asked to believe any competent 
chemist could, in 1903, have achieved by following Normann’s direc¬ 
tions. without any experiment at all. 

In this connection I cannot but remind myself that, 'though the 
Patent was taken out in 1903 and purported to reveal a process of 
immense commercial value, no evidence has been called to show that 
anyone succeeded in taking advantage of the discovery for a consider¬ 
able number of years after its publication; that the only evidence of 
sufficiency is the evidence of eminent chemists who essay to prove by 
experiments in 1912 that the directions contained in the Specification 
were in 1903 sufficient to ensure success. 

I come to the conclusion that the directions in Normann’s Specifi¬ 
cation were insufficient; and I infer, both from the evidence before me, 
and the lack of evidence, that, great as the discovery that unsaturated 
fatty acids and their glycerides could be hydrogenated by the catalytic 
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method undoubtedly was, no practical means of taking advantage of 
the discovery were disclosed until after further experiment subsequent 
to the date of the Patent. 

It has been repeatedly urged that, catalysis depending upon contact, 
the difference between success or failure is simply a question of obtain¬ 
ing or failing to obtain contact. In my opinion, the evidence fails to 
establish this in any material sense. There is nothing to show that 
the directions of Normann do not suffice to get contact. Catalysis 
remains a mystery to-day, and in 1903 nothing whatever was known 
as to the means necessary to obtain successful contact in the catalytic 
hydrogenation of oleic acid, or any other fatty acid or glyceride, except 
what was disclosed by Normann himself. According to Mr. Ballan- 
tyne’s evidence, a catalyst which succeeded in getting “ contact ” in 
this sense with acetylene after Sabatier, failed with Normann’s process. 
To say that a direction to pass a strong current of hydrogen through a 
mixture of fine nickel powder and oleic acid, in order to expose the acid 
to the action of hydrogen and tin; catalytic substance, connotes the 
resort to every device known to science for making the exposure as 
complete or as frequent as possible, seems to me extravagant. 

I therefore come to a conclusion adverse to the Plaintiffs’ contention 
upon their own case; but I do not concur in the construction of the 
Specification put forward on their behalf. It has been contended that 
this is a Patent for a principle, and that if the Patentee shows one way 
of carrying it out he is entitled to claim for all ways. If Normann had 
invented the hydrogenation of oleic acid by help of a nickel catalyst, 
and had given sufficient information in the instance stated to ensure 
success, then I think he could rightly claim all other ways of arriving 
at the result; but here he claims to have invented a method of obtain¬ 
ing hydrogenation of all unsaturated fatty acids and their, glycerides, 
and if his method fails in any one case I think his Patent would be bad. 
Moreover, he claims to be able to secure the result by the use of finely- 
divided platinum, iron, cobalt and copper as well as nickel, and if the 
use of any one of these catalysts is fatal to his process I think his Patent 
is bad. 

There are other matters arising in the action which, having regard 
to the view already expressed, are not necessary for the decision of the 
case; but I may say that I think that the evidence shows that the 
temperature at which hydrogenation is attempted is material, not only 
with regard to time occupied in obtaining the desired reaction, but for 
obtaining ^juch reaction at all. It may be that one element of success 
is the mixture of oxide of nickel with the metal. Dr. Liebmann’s 
expefiments, were with reduction at a low temperature, 300® to 320® 



APPENDIX 


629 


for a short period, one hour, while Mr. Hehner in the experiments 
referred to reduced at 360° for three hours. I think the evidence 
shows that tlic temperature and time employed by Dr. Liebmann can¬ 
not be relied upon to obtain complete reduction. It will be observed 
that both Dr. Liebmann and Dr. Passmore, when seeking to demonstrate 
that catalysts prepared in a manner similar to that adopted by the 
Defendants’ witnesses could be used, not only in all cases resorted to 
stirring, but used a much larger current of hydrogen than that used 
in previous experiments. Having heard the evidence upon the point, 
I will add that, could Normann’s Patent have stood, in my judgment, 
the Defendants would have infringed it. 

In the result, I am of opinion that the Plaintiffs’ action fails and 
must be dismissed with costs.* 

As the statement has repeatedly been made that the British patent to Norntann, 
for hardening fats, had been declared void Iteeause it claimed a process whieh had 
become pttlilic property, the Oelwerke Germania * have taken occasion to contradict 
this assertion, elaitnin)!; that the British court held the patent void solely because of 
an insufficient description of the process; thus merely on account of a purely formal 
defect in a peculiar requirement of the British patent law. This concern observes 
that there are no requirements in the German patent law such as contained in the 
British patent law, and, that in no wise did the British court hold the process to be 
public property; on the contrary, it stated emjihatieally that if this defect in the 
specification had not been present, judgment would have been given against the 
.Icfendant for infringement of the patent. The formal defect at fault has, in the 
meantime, been removed by a process peculiar to the British law. The further 
statement is made that the British statute places more extensive requirements on the 
patent specifications than does the German statute, even in such matters as are 
incidental to the specific nature of the invention concerned. In case of insufficient 
obsei'iance of these requirements on the part of the applicant for patent, the patent 
may subsequently be invalidated on motion; on the other hand, a patent thus 
declared void may be re-established by removing the defect in the specification or 
by supplementing the specification. 


* Soifen. Ztg., 1914, 1260. 
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Edible Hyduogenated Fats. Patent Litigation. Crisoo and 
Kream-Krisp 

Litigation between the Procter & Gamble Company and the 
Berlin Mills Company involving the status of a patent owned by 
the former concern has brought forth many matters of general or his¬ 
torical interest in the field of oil hardening and the endeavor has 
been made to include here extracts from the briefs of the opposing 
parties, sufficient in extent to embrace what appear to be the more 
important data and discussion. Lack of space forbids the publica¬ 
tion of the record in full and for complete details the reader is 
referred to the Court records.* 

The author is indebted to Mr. Alfred M. Allen f for a copy of 
the brief for plaintiff and to Mr. John C. Pennie J for a copy of 
defendant’s record, for which thanks are gratefully acknowledged. 

UNITED STATES DISTRICT COURT, 

Southern District op New York. 

The Procter & Gamrle Company, 

Plaintiff, 

vs. hi Equity. 

f No. 13-100. 

Berlin Mills Company, 

Dt Jnulmil. 

BRIEF FOR PLAINTIFF. 

Before Judoe Auoustos N. Hand. 

Kerr, Page, Cooper & Hayward, 

Solicitors for Plaintiff. 

Livinobton Gifford, 

Alfred M. Allen, 

Thomas B. Kerr, 

Of Counsel. 

* Citations to court decisions and the record have been i.TrRciy omitted, 
t Of firm ef Ailen & Allen. Cincinnati, Ohio. 

.. J Of firm of Pennie, Davis, Marvin & Edmonds, New York City. 

.’ fiSn 
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This suit is for infringement of patent No. 1,135,351, granted to the plaintiff 
as assignee of John J. Burchenal on April 13th, 1915, for a Food Product. The 
bill was filed on December 16th, 1915, the answer filed on January 14th, 1916, 
and an amendment to the answer was filed on September 22d, 1916. The an¬ 
swer set up a large number of i)rior publications and patents to show anticipa¬ 
tion and the prior state of the art bearing on the subject. Bill of particulars 
were granted both parties and the issues narrowed to a certain definite number 
of prior patents and publications and to the first and second claims of the patent 
in suit. Prior to the trial the defendant took a large number of depositions 
de bene ense which have been printed for the use of the court in a book of 410 
pages entitled “ Defendant’s Exhibit, Depositions de bene ense,*’ which deposi¬ 
tions were offered and admittwl in evidence at the time of the trial. The trial 
began on March 21 sf. and was comjilcted March 29th, at which time the argu¬ 
ment and filing of l)riefs was set for April 28th. 

The defenses set up were anticipation, j)rior invention by one Kayser, lack 
of invention, limitations by Patent Office proceedings, insufficiency of specifi¬ 
cation and noii-infrmgcmcnt. 

« * * 

Thk Patknt in Suit 

In making the i)roduct, the i)atent says: 

In manufacturing this prodiutt cottonseed oil or other vegetable oil is 
cnus(‘d to chemically al>sorb a limited amount of hydrogen by reacting 
on the oil with hydrogen in the presence of a catalyzing agent and at 
an elevated temperature. 

« « « 

The only claims in issue are claims 1 and 2, which arc as follows: 

1. A homogeneous lard-like food product consisting of an incompletely 
hydrogenized vegetable oil. 

2. A homogeneous lard-like food product consisting of incompletely 
hydrogenized cottonseed oil. 


The great benefit of the invention is not mentioned in the patent, but really 
constitutes the basis for an award in favor of the j)atentee, namely, that it was 
the cr<' ti-ion of a new class of food products of superior quality, free from the 
objections existing against animal products, and was the foundation of a now 
great industry known as the Hydrogenated Food Product Industry, which has 
conferred an enormous benefit upon the public and entitled the inventor to be 
enrolled high in the ranks of its benefactors. 

« * * 

In both the processes of manufacturing Crisco and Kream-Krisp “ the 
amount of hydrogen alworbed is carefully regulated and limited ” by 
the operator, so tliat Crisco is given a melting point of 34 to 36 C., and 
the sample of Kream-Krisp in evidence was given a melting point of 
35.7; the melting point given in the patent being from 33 to 40. By 
stopping the hydrogenizing when the melting jwint has reached any of 
these degrees, or even u degree slightly in excess, the “ product which 
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cools to a white or yellowish semi-solid ” is obtained, which is specified 
in claims 1 and 2. 

It is thus seen that the gist of the novelty of the process, namely, that 
" the operation is stopped when the oil has been converted into a product 
which cools to a white or yellowish semi-solid ” is followed by defendant 
in making Kream-Krisp, the same as by the plaintiff in making Crisco, 
and that the melting-point test by which defendant secured this semi- 
solid result was, in the case of the Kream-Krisp in evidence, with the 
range of Crisco melting point, and also the patent in suit melting point. 

Since all three melting points are within the same narrow range from 
33 to 40, it is inevitable that all three are semi-solid, or lard-like, at 
ordinary temperature, and the evidence shows conclusively, that that is 
what the average cook wants. 

Moreover, by an inspection of the specimens of Crisco and Kream- 
Krisp in evidence the court can see for itself that they are lard-like. 
Certainly no expert is needed for that. 

* * « 

In the infringing manufacture defendant uses the thermometer only to keep 
its product at the desired semi-solid or lard-likc consistency. IJy the aid of 
the thermometer the hydrogenizing is “ carefully regulated and limiied.” If, 
therefore, no test but the thermometer is used in carrying on the 
infringement, why should any other test be applied by the court 
in deciding the question of infringement? And, if any chart is 
desired, why should any chart be used more than the thermometer 
scale? 

On this page we have produced a Centigrade thennomefer scale 
from zero up to 70 degrees, and noted thereon the melting points 
of various products. 

It will be seen that on this scale the hard approximately saturated 
cotton-seed oils (60°) and Paal & Roth (■59°-6()°) range themselves 
at one end and liquid cottoaseed oil stands at the other end, while 
approximately midway range the semi-solid or lard-like in a bunch, 
between 33 and 40 degrees. Of course a slight variation of a degree 
or two above 40 would make no substantial difference. 

• • * 

It appears from the testimony that Burchenal was the first one in 
whose mind the thought ever arose to associate a hydrogenized 
body with food. He was the first one that ever even asked the 
question whether it might lie a food, and he was answered by Kayser 
in the negative. He was the one that followed up that question 
by the experiments necessary to determine the answer in the 
affirmative; and having embodied that answer in a successful food compound, 
he was the first to make the additional conception and discovery of the possi¬ 
bility that it might be a successful food product in still a second form, to wit, 
the partially hydrogenized form. He it was that made the necessary experi¬ 
ments to answer the question whether this idea was possible or not; and the 
generic conception had been made and worked out in the form of the com¬ 
pel in the spring of 1908, a year and a half before the siiecific conception 
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was made or worked out in the fall of 1909 in the form of the partially hydro¬ 
genized product, which is the subject of claims 1 and 2 in suit. 

Burchenal 8 conception had its rise under the following circumstances: 

Soap makers in England, the Crossfields in particular, had introduced hydro¬ 
genized cotton seed oil into the soap making industry. 

The plaintiff was engaged in the manufacture of soap in this country, and in 
the fall of 1907 it received a letter from E. C. Kayser, dated Cheshire, England, 
October 18th, 1917, as follows; 

“ Dear Sirs: 

“ In a few weeks’ time I shall be en route to the States, when I pro¬ 
pose introducing a new process of the greatest possible importance to soap 
manufacturers. 

I have manipulated this process for the last three years and am the 
only person thoroughly acquainted therewith. 

“ Kindly inform me by the earliest mail if you wish me to call upon 
you in the first instance and if in that case you are agreeable to refund 
railway fares from New York or other port to your city. 

“ Yours faithfully, 

"E. C. Kayser.” 

In response to this letter plaintiff wrote under date of October 28th, 1907, 
ir.viting Kayser to come to Cincinnati, Def. Dep., p. 208, bringing with him 
samples of hydrogenated material l)eing used by the Crossfields in making soap. 

These samples were shown by Kayser to Burchenal, who describes them “ hard 
almost white in appearance,” Def. Dep., Ans. 40, “ a very hard material, had a 
vcri high melting point, had an unpleasant taste” Def. Rep., Ans. 276; “very 
hard, a good deal the appearance of a piece of porcelain or china.” 

Proctor & Gamble made a preliminary agreement with Kayser, dated Decem¬ 
ber 6, 1907, to make what the agreement referred to as “ hardened ” material. 
Thereupon they erected an apparatus for Kayser and he proceeded with his 
experiments. His sole effort was to make a substantially saturated material. 
Burchenal testified: 

“ The sole effort was toward making a saturated material. That was 
indicated by its hardness ” Def. Dep., Ans, 158. “ The effort was to 
mike a saturated material and wherever we didn’t get that, we didn’t 
look upon it as a successful operation,” Def. Dep., Ans. 162. “ Hard 
material—that was where our effort was at that time.” Def. Dep., Ans. 
164. “ There was really no object and no sense in taking them ” (sam¬ 
ples to ascertain the progress of the operation.) “ We were trying to 
saturate the material and that was indicated by the absorption of hydro¬ 
gen. I can't say we did not take samples, but in the ordinary conduct 
of things there was no occasion to take samples.” 

Kayser’s report of January, ’08, said; 

” Completion of saturation is indicated by comparison of volume of gas 
in and out of machine. When saturation is practically complete, the gas 
passes through without any apparent reduction in volume.” 

The hydrogenized oil cannot be used as soap without chemical change. It is 
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treated chemically with an alkali, such as potash or soda, or saponified, and it 
is this saponification of the hydrogenized body which is soap. 

The first time that anybody seems to have associated any hydrogenized body 
with focxi was when Burohenal asked Kayser the question in October or Novem¬ 
ber, 1907: 

" I asked him if he thought it would do for edibles, and he .said he 
thought not.” 

It is not difficult to realize why it had never been associated with the food 
art before, because as pointed out by Burchenal, “ it did not appear to lie 
edible; it was a very hard material, had a very high melting point, had an un- 
jdeasant taste.” 

McCaw in reference to a sample of this Kayser material submitted to him by 
Mr. Procter, says: 

I immediately tasted it, examined its texture, and he asked me if I 
thought a lard substitute could lie made from it, that is, if it, would 
take the place of oleo stearin. I replied that it would not, giving as my 
reasons that the flavor, structure and material, and its hardness, were all 
unfit for that purpose. 

It should be remembered too that it was already associated with the snap 
making art by the Crossfields, and that to be used as soap it first had to be 
chemically changed or saixmified; all of which was antagonistic to any idea 
of its being used without saponification, and particularly for food. Moreover 
to any one familiar with the complexities of cotton seed oil and its hydro- 
genization, the presumption was that it would contain ingredients entirely incom¬ 
patible with food requirements, and possibly even poisonous. 

Following hie own idea, which does not seem to have been shared by any one 
else, that it might constitute a food, Burohenal followed the matter up. He says: 

‘ As soon as I saw the material that he (Kayser) brought there, I made 
up my mind that I would endeavor to ascertain if it was edible. I went 
into the thing, I examined the material; we worked on that.” 

Burehenal also proceeded to mix the hard, hydrogenized product with cotton 
seed oil so as to reduce it from its inedible hardness down to an edible semi- 
hardness. He had considerable difficulty in doing this, and sent the hardened 
material down to the McCaw Company in Macon, Georgia, about May, 1908, 
because of their having proper machinery for mixing. At that time the idea of 
the availability of a partially hydrogenized substance had not entered his mind. 
The sole idea up to that time was to completely hydrogenize and then reduce 
the hardness by mixing with cotton seed oil, and Burchenal appears to have 
entertained this idea as the sole means of attaining a food product until about 
a year and a half after he had had his first mixture made, or until the autumn 
of 1909. Burchenal testifies: 

Well, how long after that (after spring of 1908) was it that you first 
produced a food product consisting of an incompletely hydrogenized vege¬ 
table oil? A. Well, I think our first report on that is some time in 1909. 
I would like to qualify that, however, so as to show that that material 
was not produced in a commercial way at that time, and was experimental. 
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Mr. Burchcnul says: 

I think 1 am safe in saying that the date on wliich that material was 
first produced in any appreciable quantities, was after April 26, 1910, 
and in all probability prior to July 1, 1910. * * * In an experimental way, 
I should say about October or November, 1909. 

Morrison (defendant’s de bene depositions, j). 316,) testifies: 

(). 21. When did you first have the semi-solid hydrogenated cotton- 
.seed oils sent to you for examination as to their physical characteristics? 
A. Some time in 1909 was when I first came in contact with it. 

Thus we have brought the history of the rise and progress of Hurchenal’s 
invention from the conception of a food pos.sibility, through the various stages, 
down to the making of the product which is the subject of claims 1 and 2 in 
suit, covering a period of upwards of two years from the fall of 1907 until the 
fall of 1909, or the sr)ring of 1910. It was first put on the market in April, 
1911. Taylor, Ans. 11 and the sales thereafter were for 2,600,000 lbs.; 1912, 14,- 
500,000; 1913, 23,800,900; 1914, 40,000,000; 1915, 47,700,000 and 1916, 60,500,000, 
or about 190,000,000 lbs. At the price ruling in 1916, this would make a value 
of over I{34,000,0(l0. 

The various stages of Burchenal's progress may be summarized as follows: 

1. Fall of 19117. Conceived po.ssibility that the hydrogenated substance might 
l« utilized in the food product art., notwithstanding its intrinsic evidences to 
the contrary. 

2. Winter of 1907-8. Discovered the correctness of his conception by inves¬ 
tigation of the hard, hydrogenized product. 

3. Spring of 1908. Invented a household form embodying said conception 
and discovery (i.e., the mixture or compound which is the subject of his patent 
1,135,935). 

4. From spring of 1908 to fall of 1909. Perfected the compound and intro¬ 
duced It commercially as " Flake White.” 

5. Fall of 1909. Conceived of the possibility of the improved form (i.e., 
the partially hydrogenized form which is the subject of claims 1 and 2 in suit.) 

6. Fall of 1909. Invented Crisco as the embodiment of said last conception. 

7. If 0 and 1911. Perfected Crisco and introduced it commercially. 

8. 1911 to 1916. Sales of Crisco amounted to over 189,200,000 pounds, 
representing a market value of over $34,000,000. 

* • * 

It is well to pause for a moment to consider how beneficent are these house¬ 
hold products. 

From the physiological standpoint they are free from all detrimental ingre¬ 
dients or properties. Being all vegetable they are so free from the suspicion 
of microbes of animal origin that they are immune from the government inspec¬ 
tion at the factory of animal food products. Crisco in particular is free from 
indigestible components. 

From the household standpoint Crisco requires a minimum of skill or exertion 
to distribute it throughout the dough, and it remains so distributed throughout 
the cooking operation. It is less susceptible to oxidation and consequent ran- 
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cidity than the liquid oil. It is less susceptible to smoking or burning because 
it can be heated to a higher tcmj)craturc without doing so. Being lard-like, 
the ordinary cooking recipes requiring lard are satisfied by it, and it can be 
scooped out of its container and measured conveniently and accurately as is lard. 

Added to all the above advantages is the fact that the introduction by Bur- 
chenal of hydrogenized substances into the food product art has enormously 
enlarged the resources of that art and prevented the lard-like food products from 
mounting to prices even higher than those current at the present time. 

r r * 

Up to the time of Burchenal’s inventions such a thing as a hydrogenized food 
industry, or a hydrogenized food of any kind had absolutely no existence. It is 
to Burchenal, and Burchenal alone, that Procter & Gamble owed the knowledge 
enabling them to introduce and establish the hydrogenized food industry. The 
success of that industry is startling, and the benefit to mankind in the enlarge¬ 
ment of food products is unbounded. The various witnesses in this case coming 
from the other concerns in this industry, such as Swift & Co. and this defendant, 
and the Ward Company, had to acknowledge that they knew of no industry 
of this kind anterior to its being established by Procter & Gamble under the 
Burchenal inventions. 


Novelty 

The prior art consisted of cotton seed oil (1) liquid, (2) solid or hard. 

The liquid cotton seed oil had a melting point of about zero C., and the only 
melting point for the solid hard cotton seed oil given in the prior patents and 
publications was the 56 to 60 C. given by Paal & Roth in the Berichte of 1909, 
Vol. 42. They described it in two ways, as follows: “ A yellowish white, brittle 
mass which melted at 56° to 60°.” “ Brittle mass, nearly white in color, which 
melted at 57° to 60°.” 

Semi-solid or lard-like cotton seed oil was new. 

Defendant contends that in the progressive hydrogenizing from the liquid 
to the solid, the oil passed through the semi-solid state, and that some of the 
samples taken for testing would have been semi-solid. This fact is immaterial 
in the eye of the patent law under the following propositions; 

1. An incidental production while in pursuit of another object, and not excit¬ 
ing attention, or supposed to possess any value, docs not constitute an anticipa¬ 
tion. 

2. A production not in the food product art cannot anticipate. 

3. A production, the qualities of which were not recognized for the purpose 
of the patent, does not anticipate. 

4. A change, however sli^t, which capacitates a new result, differentiates 
from an anticipation. 

The samples taken in the course of the prior production of the hard solid 
substance, if any, were in minute quantities in the crude state, and were thrown 
away as soon as tested. Not being intended for a food product they were not 
filtered to remove the catalyst, nor deodorized, nor chilled. 

It' appears that the only industrial use made of the knowledge contained 
in the prior art patents and publications was in soap making. Burchenal tes¬ 
tifies that when he visited the Crossfields in Europe they were using it for soap 
ruining (Ans. 319), and when Kayser came to this country from Europe the only 
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use he reported was for soap making (Ana. 267 and 318). Notwithstanding the 
fact that the Normann patent was in 1903, and that therefore the hydrogenizing 
of oil had existed for years, there does not appear to have been even a sus¬ 
picion either in the patents or publications, or in industrial use of its having 
any application to the art of food products whatsoever prior to Burchenal’s 
conception. 

The prior patents and publications are all in the same category. Their sole 
aim was to produce saturation. This appears on their face. 


It must be perfectly manifest to the court that the idea that a semi-solid, 
produced by stopping the hydrogenizing at that point, would have utility, never 
entered the mind of any one imtil Burehenal, much less that it or any other 
degree of hydrogenizing would have any application in the food product art. 

Not only this, but Dr. Baskerville also points out that the knowledge of the 
process of hydrogenation as it existed prior to the date of the Burehenal inven¬ 
tion would have tended to repel the idea that the product might be edible. He 
says in answer to Q. 186, Rec., page 752, as follows: 

In the Normann British patent No. 1,515, of 1903, there appears on 
Page 2 of the typewritten copy submitted the following: 

“ Apart from the formation of small quantities of nickel soap, which 
may be easily decomposed by dilute mineral acids." 

That indicates that the product contained something which is not 
regarded as suitable for food and would require special treatment for the 
removal of nickel soaps, a treatment with an acid. 

In the communication of Paal & Roth, from the article occurring in 
Berichte der Deutschen Chemischen Gesellschaft, Volume 42, beginning 
at Page 1541, of 1909, there occurs on Page 1 of the translation submitted 
the following: 

“ The hydrogenation of the esters of the unsaturated fatty acids, 
whereby esters of saturated fatty acids were produced, led to a deep- 
seated change in the properties of the fats, the new products being pul- 
verizable, crystalline ma.sses.” 

On the same page, at the bottom, and at the top of Page 2, appears 
the following: 

“ In accomplishing this, the remarkable fact was established that not 
only were the glycerine esters of unsaturated acids hydrogenated but also 
certain other non-fatty, saponifiable, companion substances which are 
present to a slight extent in the original fats. 

“ In our last communication we stated that the reduced cod liver oil, 
with its iodin number 3, no longer showed the characteristic color reaction 
of this oil which depends on the presence of lipochromes. Similarly, 
observations were made with sesame and with cottonseed oil.” 

Further down the page appears the following: 

" Similarly, the very poisonous croton-oil was converted by hydro¬ 
genation into a perfectly non-poisonous tallow.” 

On page 3 in the same article there appears the following; 

“ We found again, as mentioned in the former paper, that for the com¬ 
plete hydrogenation of all the fats more hydrogen was requited than was 
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theoretically necessary, as indicated by the iodin number of the original 
fat. In some eases this exeess exmsumption of hydrogen was very con¬ 
siderable. Moreover, wc could repeatedly confirm the fact that although 
more hydrogen had been taken up than was to be expected from the orig¬ 
inal iodin niunbor, so that one would not have expected any more unsat¬ 
urated acids to be present, still the hydrogenated fat showed an iodin 
number, very small to lie sure in some cjises. 

“ Naturally the simplest way to account for this cxcc.ss consumption 
of hydrogen wOvS to assume leakage from the apparatus. This, however, 
is contradicted by the fact that after a while the volume of hydrogen 
remained constant which would not be the case if there was any chance of 
leakage. For this reason, the only way to a{^(u)unt for the excess hydro¬ 
gen is to assume that some other reduction took i)Iace, as, for example, 
the reduction of gb'ccridos of the oxy-fatty acids or a reduction cleavage 
of the glycerides into aldeh^^do and alcohol.” 

On Page 7 there appears the following: 

“ As it was of interest to study the phsyiological action of both the par¬ 
tially and completely hydrogenated oil, two other reduction experiments 
were performed.” 

In this connection I wish to state that one would have been in the 
dark and would not have known what might be present in partially hydro¬ 
genized material. It might have been poisonous, it iniglit have been 
harmless. In fact, evidently Paal was mindful of this, because he took 
precautions to have physiological experiments made. This is indicated 
on Page 13 of this article of the translation: 

“ Cottonseed oil gives the Becchi and Halphcn tests which are used 
in food chemistry for detecting the presence of this oil when used as an 
adulterant. The cause of the firet reaction is the presence of a small 
quantity of uiisaponifiable (x)nstitucnt which has not been characterized 
further chemically except that it is capable of reducing an alcoholic- 
ethereal solution of silver nitrate to metallic silver. The constituent of 
cottonseed oil which causes the Halphcn reaction (red coloration on heat¬ 
ing with a mixture of amyl alcoliol and sulphur dissolved in carbon disul¬ 
fide) is also found in the unsaponifiable part of cottonseed oil.” 

On page 14 there appears the following:, 

Both the hydrogenated products which we obtained from cotton-seed 
oil failed to give either of the above tests. This shows that the unaaponi- 
ifiable constituents as well as the unsaturated fatty acids arc acted upon 
by the catalytic reduction, and in this case the effect was permanent, 
for negative tests were obtained even after the products had stood for 
ten months.” 

* * * 

Infringement 

The infringing Kream-Krisp is represented in this case by the can stipulated, 
with its labels and pamphlet circulars. 

That it is a lard-like food product appears from inspection, and is clearly 
implied by its label: 

Dr. Baskerville confirms this by testifying that it is a lard-like food product 
and ft substitute for Crisco. 
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That it is lumoQenmus is clear upoa ine^icctton. Dr. Baskorvillc so testifies, 
and is not denied in the record. 

That it was made from cotton seed oil by the addition of hydrogen is stip¬ 
ulated. 

That its hydrogenizing is incomplete in the sense of the patent in suit appears 
from its semi-solid consistency. 

* * * 

In any continuous process like defendant’s Moore process, as well as in any 
batch process, the three factors of hydrogenizing, the oil, hydrogen, and the 
catalyst, arc brought together, and both defendant’s process and the process 
described in the Bu’rchcnul patent stop the hydrogenizing at the semi-solid range 
by limiting the time that they remain in contact. Dr. Walker admitted that 
this was done in defendant's process by regulating the velocity of the flow of 
oil through the catalyzer. The result of the defendant’s operation is described 
by Dr. Walker as he understands it, Ans. 125; Rec., p. 526, and immediately 
in the next answer he admits that in the batch process the result is the same, 
except as to percentages. If any cotton seed oil and hydrogen get through 
defendant’s catalyzer without being catalyzed, the same would bo true if the 
batch process were conducted carelessly with insufficient agitation. 

The Moore iiatent shows that no substantial amount of hydrogen and oil 
gets through the catalyst without being catalyzed when the apparatus is prop¬ 
erly constructed, bec:iu.sc it acknowledges that such might occur if the dia¬ 
phragm were cracked. It states that this diffumlty has been overcome. It 
says (patent No. 1,184,480, p. 4, line 45): “One of the difficulties that 1 have 
mot witli practically in the operation of an apparatus of this character, having a 
diaphragm of large area has been due to the occasional cracking of the catalytic 
layer, and also due to the expansion of the casing which forms cracks or siiaccs 
at the outer edges of the diaphragm, through all of which cracks and .spaces the 
hydrogen escairos into the lower compartment thereby permitting some of the 
oil to pass through without Iteing reduced, and so reducing the pressure above 
the diaphragm that the gas will pass therethrough in only limited quantities. 
I have' overcome this difficulty by incorporating with the layer of catalytic 
material long-fibered asbestos, as hereinlteforc explained, which I find prevents 
the formation of cracks. The difficulty due to the expansion of the casing has 
been overcome by the provision of the ring 51 which clamps the margins of 
the portions of the diaphragm against the outer shell.’’ 

Defendant’s evidence shows that the diaphragm used by it is built according 
to this improvement, and is therefore such as to overcome, as the Moore patent 
says, the difficulty of " permitting some of the oil to pass through without being 
reduced.” This accounts for the fact that in most all of the specimens of 
Kream-Krisp tested by plaintiff there was no unchanged cotton seed oil at 
all, and in those where there was any that it was a mere trace, such as about 
1 per cent. It also accounts for the fact that in defendant's circulars they assert 
that Kream-Krisp contains no unchanged oil. 

The Halphen Test 

The patent in suit describing the specific product claimed in claim 4, says 
(p. 2, line 7); “it shows no free cottonseed oil when subjected to the Halphen 
test.” Defendant’s witness Richter testified that although the sample of Kream- 
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Krisp in evidence allowed no responae to thia teat, yet all other aamples of 
defendant’a product which he had tested did respond thereto. Presumably this 
testimony was intended to have some bearing on the question of infringement. 
But while this test is specified in Claim 4, it is omitted from claims 1 and 2 in 
suit and is therefore irrelevant to the present issue. 

The Halphen test, moreover, is irrelevant and immaterial from any practical 
standpoint. It is admitted by everybody that the substance which reacts in 
showing the teat is so minute that no one has ever determined exactly what it is. 
It is also proved by Dr. Baskerville, Ans. 25, Rec., p. 434, and Morrison, Ans. 
53, Rec., p. 781, that it will detect the presence of a mere trace of cotton seed 
oil, as little as 1 per cent or less. Therefore the fact that’ a body responds to 
the Halphen test does not show that it contains more than a trace of cotton 
seed oil, such as could not possibly make any practical difference. 

Dr. Baskerville te-stifics, Rec. p. 747, Ans. 160-164, that he tested three dif¬ 
ferent specimens of Kream-Krisp obtained in different parts of the country, and 
that none of them responded to the Halphen test. Morrison, Rec., p. 781, 
Ans. 49-53, testifies that he had tested about a dozen specimens of Kream- 
Krisp and that the majority did not respond to the Halphen tost, and the 
minority that did respond gave so faint a response as to indicate the presence 
of only a trace, such as 1 per cent or less, of cotton seed oil. 

Richter is the only one who has testified on this point for defendant, and he 
does not undertake to say the presence of how much cotton seed oil his tests 
indicated, sc that it is fair to assume that it did not indicate any more than the 
trace which Morrison testified to. It is admitted and asserted by defendant’s 
circulars that Kream-Krisp does not contain any unconverted oil at all, as shown 
by the following quotations: 

Kream-Krisp although made exclusively from highly refined vegetable 
oil, contains no oil itself. The oil is completely changed by hydrogenation 
under the influence of heat to a butter-like substance. 

Kream-Krisp alt jugh made from highly refined vegetable oil, contains 
no oil itself. The oil is completely changed to a butter-like substance. 

The conclusion is that even if Kream-Krisp does in some cases re.spond to the 
Halphen test it is immaterial both from the standpoint of claims 1 and 2, and 
from the practical standpoint. 

* * * 

In almost all chemical cases, particularly those in organic chemistry, one side 
or the other rambles off into theoretical and impractical considerations which are 
totally unnecessary for the decision, and which tlie experts wrangle about until 
the record of what should be a very simple matter becomes very much confused. 
We are sorry to say that this case is no exception to the abov^. 

* * * 

These theories in this case are embodied in the triangular charts produced by 
defendants’ expert, upon which their depositions as to both anticipation and non- 
infringement are based. 

Dr. Baskerville points out that defendants’ triangular charts would be unobjec¬ 
tionable if we were investigating the proportional constituents of bodies having 
only three components, such as, - linolin, olein and stearin, because then the 
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three components would be properly represented by the three sides of the tri¬ 
angle. But where the proportions of components are under consideration in 
substances having more than three, the triangle is obviously inappropriate, and 
any conclusions based upon the triangulation must be misleading. 

The proof of this is easy, because upon a moment's eonsidoration it will be 
apparent that from a practical standpoint, defendants' triangular charts resulted 
in reductio ad absurdum. 

The absurd conclusion is reached that of three substances, two of which 
(Crisco and Kream-Krisp) are semi-solid and one of which (cotton seed oil) is 
liquid, the two semi-solid substances arc further away from each other than one 
of them is from the liquid substance. 

* * • 

Dr. Baskervillo summarizes the reason why he chose stearin as the basis of his 
charts as follows. Ana., 309, Rcc., p. 775: (1) “ It is the specific substance that 
is mentioned in the Burchenal patent to bring about congealing ...” (2) “ It 

is known to be the factor which is involved in making lard compounds out of 
these hydrogenized products.” (3) “ It is quite evident that what W'e obtained, 
the. results have shown, is in accord with the known facts.” (4) " Olein and 
linolin are liquids, they are liquids through a wide range of temperatures, and 
we are considering here substances at the ordinary temperatures.” 

We will now take up each of these reasons and explain it more in detail. 

The statements of the patent bearing upon Dr. Baskerville's first reason are 
as follows: 

“ Saturated fats, however, serve the purpose of congealing the shortening 
within the food, and thus retain it equally distributed throughout the whole ” 
p. 1, line 50. 

“ Sufficient stearin to make the product congeal at ordinary temperatures ” 
p. 1, line 72. 

“ Enough stearin to make the product congeal at ordinary temperatures ” 
p. 2, line 24. 

In all of the above statements the congealing or semi-solidifying which is the 
attribute making the product lard-like is associated with the saturated fats, par¬ 
ticularly stearin, which represents the increase of saturated fat from hydrogen¬ 
izing. The statement first above quoted that the saturated fats “ serve the 
purpose of congealing the shortening within the food, and thus retain it equally 
distributed throughout the whole ” appears from the testimony to be the very 
attribute which, from a practical standpoint, is the reason why the semi-solid or 
lard-like shortening is preferred by cooks to the liquid shortening. Every wit¬ 
ness on both sides who has mentioned the subject has said that the liquid is 
inferior because of the diffieulty in getting it equally distributed throughout the 
dough. 

Since, therefore, the patent specification and the eook agree in laying so 
much stress upon the saturated fats and their congealing or semi-solidifying 
effect, in contradistinction to the liquid, there is certainly every reason for 
dividing the product into the solid and liquid ingredients in making a chart. 

Dr. Baskerville’s second reason is that the saturated fats are known to be 
the factor which is involved in making lard compounds out of the hydrogenized 
product. What he means here is that in the mixtures of Burchenal’s companion 
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patent No. 1,135,935 the praeiiwi value (»f tlie inixturc over and above liquid 
cotton seed oil is due to the fact thiit. the liquid inKredicnts on the one hand and 
the solid ingredients on the other hand result in that semi-solidity, or lard-like 
consifitency, or congealed condition at ordinary temperatures, which proves to 
be so desirable in mixing the dough. 

Dr. Baskerville’s third reason is that the result he has shown by his charts 
is in accord with the known facta. He means here that we know that Crisco 
and Krearn-Krisp are close together in respect to their serni-solid, lard-like, con¬ 
gealed at ordinary temperatures condition, and that a chart, as his does, which 
brings them together and separates them on the one hand from things that are 
liquid, such as cotton seed oil, and things that are solid, on the other, is in 
accordance with the known facts. Whereas a chart, sinh 4S defendants’, which 
separates the semi-solid, lard-like bodies, Crisco and Kream-Kris^p, and brings 
either of them together with a liquid body like the oil, is in opposition to known 
facts, and as we have stated above, Tedueixo ad absurdum. 

Dr, Baskerville's fourth reason is that we are considering here substances at 
the ordinary temperatures, and therefore that it is projjer to divide the con¬ 
stituents between those that solidify below ordinary temperatures and those that 
do not. 

Our adversary will refer to the statement of the patent that the proportions 
are high in olein and low in linolin. 

W’e have already showm liy the file contents that there parts of the specifica¬ 
tion were inserted with claims 5, 0 and 7. They do not affect claims 1 and 2. 

• But it would be a mistake to suppose that Krearn-Krisp is not in the direc¬ 
tion of these statements;—it follows them to a degree. 

Comparing Krearn-Krisp, Crisco and the Burchenal patent product with the 
cottonseed oil from which they are obtained, they are all low’er in linolin, higher 
in olein, and higher in stearin. Defendant’s witness W’alkcr admits this (Ans. 
40-51). In other words, relatively to the cottonseed oil from which they are 
obtained, they are all low in linolin, high in olein, and with enough stearin to be 
congealed or semi-solid at ordinary temjierature. 

There is no doubt that Krearn-Krisp would be better if it more nearly com¬ 
plied witli the [iroportions of the pacent. If it were higher than it is in olein 
and lower in linolin it would be less liable to oxidation. This is admitted by Dr. 
Walker, Rec., p. 512, Ans. 59, and is testified to by Morrison, Rec., p. 782, 
Ans. 59. But the fact that Krearn-Krisp is an inferior following of the patent 
does not relieve it from infringement, because the law is to the contrary. 

* * • 

The fundamental error of the attack on the patent from the chemical side is 
that it proposes to confine tlie invention of the Burchenal patent to his preferred 
product as set forth in claims 5 to 7, and entirely fails to distinguish between 
the product as covered in claims 1 a id 2 and the preferred form of the claims 
not in issue. 

The patent has to do with chemically changing the complex glycerides of the 
vegetable oil so as to vary the proportions of the liquid and solid components 
in the oil itself, and thus to produce a food product semi-solid and lard-like. It 
aims to produce this change not as in the companion Burchenal patent by solidi¬ 
fying or |aturflting the whole lx>dy of oil with hydrogen and thus obtaining a 
semi-fiolid’ by dissolving the bard material in additional untreated oil, but by 
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creating the necessary solid at the expense of the liquids in the oil itself until 
the proper consistency of lard is obtained. This conversion and chemical change 
of the liquid components to obtain the lard-like product is the essence of the 
patent in suit, and it is fully and properly protected by the first two claims. 
The chEinge in the components of the oil could not be protected by claims more 
in detail which specify to what extent the components should be changed, or 
prfpcr protection be given to the Burchenal invention in issue by limiting him 
to specific components, as is abundantly evidenced in this very case. 

* * * 

The point was to raise the melting point of the original oil so that it would be 
semi-solid, plastic and lard-likc at normal temperatures. Burchenal was not 
concerned, in this view of the cose, with whether all, or a large part of, the lin- 
olin was changed to olein or whether the linolin was le.ss reduced and the olein 
less increased and the desired consistency was obtained by increasing the stearin. 
The new product must have those proportions of liquid and solids chemically 
created by the treatment to give the desired lard-like quality. The change in 
the oil itself so that no original oil remained was the essential thing. To what 
extent the components were changed so that the desired product was obtained 
was a mere matter of degree. 

'I'here were a number of old mel.hods of hydrogenating. The batch methods 
of Normanu A Kayser, the continuous methods of Bedford & Williams, and 
Erdman. In Normann & Kayser, the hydrogen bubbled through the oil and the 
whole mass of oil and catalyst was treated continuously with the hydrogen. 
In the Bedford A Williams method the oil was run through or over the catalyst 
supported on pumice stone, either in an atmosphere of hydrogen or the hydrogen 
was sprayed over the fixed catalyst. In Erdman the oil was sprayed by the 
iti 'oming hydrogen just as in the defendant’s appar..tus agair st a rotating cylinder 
plated with the catalyst, and the treated oil was then run through a body of 
catalyst in the bottom of the vessel. 

All of the old methods fully satimated the materials They converted all of 
the linolin and all of the olein into stearin. Burchenal, through Kayser, was 
familiar with the batch method. He therefore preferred that method of treat¬ 
ment. Burchenal, however, had a new product in view. He did not change 
all of the linolin and olein to stearin, but carried on the conversion until he had 
made enough solid or saturated material to give him his lard-like hydrogenated 
food product. Because the hydrogenization process was old in no way negatived 
the novelty of his new product, obtained by his special manipulation of that 
process. 

Burchenal obtained a specific product higii in olein, low in linolin and with 
only enough added stearin to give the proper lard-like material, which he cov¬ 
ered in claims 3-7. If Burchenal had preferred the Bedford & Williams process, 
where the oil is passed continuously across or through the fixed catalyst sup¬ 
ported on pieces of pumice, he would have obtained, by special manipulation of 
that process, a product which, while responding fully to his invention, might 
probably not have presented the specific changes called for in the specific final 
claims of his patent. So, if he had preferred the Erdman process of spraying 
the oil by the hydrogen against a rotating catalyzed cylinder and he had sire- 
cially manipulated that process, he might have obtained still a third species of 
his invention. - 
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Then Moore, of the defendant company, in order to make the Burchenal 
product by chemically changing the component glycerides and creating sufficient 
stearin to obtain the desired lard-like consistency, designs a modified Erdman 
machine of the continuous Bedford & Williams type. In this machine he rotates 
a spray of hydrogen and oil over a fixed diaphragm of catalyst, and in this way 
has a small portion of the oil and catalytic nickel in contact on a moving pie¬ 
shaped sector portion of his diaphragm, say about of the disk, and a much 
greater portion of his oij, catalyst and hydrogen in contact through the remain¬ 
ing .^,1 of his diaphragm. 

This Moore machine was designed a number of years after Burchenal entered 
the field, and for the very purpose of producing an incompletely hydrogenized, 
homogeneous, lard-like food product. Moore, by the use of his machine, thus 
produces exactly the product of the patent, liut he obtains a different specific 
change in the components. The only difference between the product produced 
in the Moore machine and that produced by Burchenal is the degree of variation 
of the component glycerides, so that the product of the Berlin Mills Co. is not 
in accordance with the preference of Burchenal. 

The Triangular Charts 

In order to show that the components of the mixed glycerides in defendant’s 
product are different from the specific components of plaintiff’s patent, a fact 
which we do not and never have denied, the defense has introduced its triangular 
charts to visualize the admitted difference between the species of product of the 
final claims of the patent in suit and the species of defendant’s product, both 
of which products, however, fall directly under the first and second claims of 
B.trchenal, which claims define the broad and fundamental distinction between 
the patented product and anything which preceded it. 

The triangular chart can only visualize the similarity or difference between 
materials having three components. It is therefore grievously misleading to 
attempt to compare products of four or more components unless we can group 
the components into three parts. 

The essential constituents which make the product lard-like as distinguished 
from a liquid are the added hard materials, not the changed proportions of the 
liquids. The defendant has used its charts to visualize the difference in the pro¬ 
portions of the liquid glycerides, and as the proportions of the liquid glycerides 
are admittedly different the defendant is able to place plaintiff’s and defendant’s 
products far apart on its cliarts, but at the same time it has been forced to 
demonstrate how untrustworthy is its method, because, by this method the two 
semi-solids, Crisco and Kream Krisp, are located very much further apart on 
their charts than one of these products is distant from the liquid cotton-seed oil. 

If the triangular chart is to be used at all we should obviously plot the three 
constituents that are the essentials in the products being compared. These three 
essentials are, (a) the liquid components, (b) the original hard component (not' 
sufficient to alter the liquid form), and (e) the added hard material (which is 
sufficient to convert to a semi-solid condition). 

In order to comjiare the products in respect to these essentials the plaintiff 
has introduced its chart IV, which is identical with the defendant’s charts 10 
and 14, and plaintiff has plotted the various products in accordance with these 
essentials, making one side of the triangle represent the ordinary solid-fats, 
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another side the added solid fata and the third side the liquid fats (as the plain¬ 
tiff did not have the enlarged charts of defendants, the lines which divide the 
defendant’s charts 10 and 14 are not all placed on chart IV.). 

As indicated on chart IV, when the various products to be compared are 
plotted, the cotton-seed oil (as there are no added solid fats) appears on the base 
line and the Crisco and Kream Krisp products measured by the amount of added 
solids are brought close together as they should be, while Defendant’s Exhibit 
L 7, which is not any recognized or intentional product of the prior art, appears 
some distance from Kream Krisp and Crisco, and with the Kayser product. 
Exhibit III, near the top of the chart. 

These various products have been plotted with reference to an average cotton¬ 
seed oil which contains, according to the evidence, al)out 21.5% of solid fats. 

In the Burchcnal patent a cotton-seed oil of only 17 per cent of solid fats is 
mentioned which, from the Morrison testimony, would appear to be an unusual 
oil, as produced generally in this country, although it appears that the pro¬ 
portion of solid fats in ordinary cotton-seed oil of commerce ranges from 18 per 
cent to 25 per cent. 

We liave theretofore indicated on chart IV, the Burchcnal product based on 
this rather unusual cotton-seed oil with only 17 per cent of solid fat. 

It seems immaterial to discuss whether Burchenal in testing the cotton-seed 
oil had an unusual grade or not, because it is very evident from the specifica¬ 
tion that what he proposed was a product in which from 3 per cent, of solid 
fats were added by the hydrogenization in order to give the desired lard-like 
food product. The patent states: 

It contains from 20 per cent, to 25 per cent, of fully saturated gly- 
oerids . . . while the cottonseed oil before treatment contained 17 per 
cent, saturated fats. 

It therefore seems evident that when the various products under investigation 
are plotted with reference to the easential components, dividing them into three 
parts, that is, (a) the original solid fats, (5) the added solid fats and (c) the 
liquid fats, plaintiff's product Crisco and defendant’s product Kream Krisp are 
brought very close together with the Kream Krisp actually lying between the 
extremes of the two Crisco products in evidence; all three of the products lying 
between the extremes of the solid fata to be added in accordance with the patent 
as ilhutrated in Complainant’s Exhibit Chart IV. 

As it is the melting point taken in connection with the added solid fats that 
determines the semi-solid character of the patented product set forth in claims 
1 and 2 and determines whether the product of the defendant comes within the 
limitations of the terms of those claims, the plaintiff has introduced its chart V, 
in which, on a vertical line, it has indicated the percentages of added solid tats 
from 0 to 100, and on a horizontal line the melting points, Centigrade scale. 

In chart V the position of eotton-eeed oil and the Crisco products, Kream 
Krisp, the Burchenal product based on a cottonseed oil of only 17 per cent, 
original solid fats, are indicated also the product L 7 and Kayser Exhibit 3. 
By running a line through the proximate positions of these products as plotted 
on chart V, we obtain a curved line which at the lower end approximates to the 
horizontal and at the upper end approximates to the vertical, giving a rather 
sharp bend between a range of melting points 32 to 40 as specified by Burchenal, 
and showing Kream Krisp and Crisco in almost the same location at the most 
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pronounced portion of the curve. It is very evident from an examination of 
this chart that all the homogeneous, lard-like, semi-solid products will fall in a 
little group at the bend of the curve, which visually indicates the transition 
point from liquid to semi-solid. 

There is still another method of comparing the patented products with the 
product of defendant (this is shown in Plaintiff’s chart VI) in which lines are 
drawn to indicate the proportions of the liquid fats and the solid fati? in the 
various products, all that portion of the cliart lying below the indicated line of 
any particular product representing the solid components, and that portion above 
the line, the liquid components. Then, by taking the melting points of the 
various products we are again able to plot the.se products, and the line upon 
which the products lie, as determined by the melting point, is the same as the 
curved line illustrated in plaintiff’s chart V. 

All these methods lead to a common result, that is to say, that by starting 
with cotton-seed oil and creating in the oil additional solids, by partial hydro¬ 
genation, a homogeneous semi-solid lard-like product is produced. 

4> « * 


Prior Shortenino Materials 

The defendant has taken a large amount of t.e.stimony to prove that cotton¬ 
seed oil itself was an edible product and had been used extensively for cooking 
purpose.*!, and also that compounds of cotton-scc<l oil with beef fats (oleo-steariii), 
iiad ])een very largely manufactured and sold for tins jmrjiose. 'I'hc objeiit of 
this evidenee is not quite clear, Imt wc assume that its purpose was something 
derogatory to the plaintiff’s (rase, or to the paiontability of the ibirchenal inven¬ 
tion. Neither of tliesc facts, if true (and we have no rca.son to (juestion their 
truth), is inuterial to the present case, because it is not contended that cithirr 
cotton-seed oil or olco-stearin compounds of the same, anticipate the invention 
of the claims in suit. It has never licen conkmded on the part of Burchenal 
that he first suggested the u.sc of cotton-seed oil either as an edible product or 
as a cooking material. Hut the prior knowledge and use of those materials do 
not cliangc the fact that Burchenal prodmred from cotton-secd oil a new mate¬ 
rial which has enormounly axtended the use of cotton-seed oil in the food indus¬ 
try, and which has large advantages over its use either alone or combined with 
oleo-stearin. Moreover, the partially hydrogenated product of the patent in 
suit is recognized in the commercial world as a distinctly different product 
from any other cooking material on the market (see Richardson, in answer to 
questions by the Court). 

In (jonnection with this evidence of the prior use of cottonseed oil and oleo- 
stearin compounds, defendant examined Dr. Bacon as to the subsequent use by 
the Ward Baking Company in making bread, of a shortening material consisting 
of hard hydrogenized cotton-seed oil like plaintiffs Exhifiit III. finely ground 
and thoroughly mixed with flour. It developed in tlie course of the cross-exam¬ 
ination of Dr. Bacon that this material was patented to one Esterbrook, the 
patent being owned by the Ward Baking Co. From the claims of this patent 
it appears that the invention consisted merely of comminuted hardened oil 
mixed, with floqr. It is used by mixing it in proper proportions with the flour 
of which the bread is made. The evidence with regard to this material shows 
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that it was not equivalent to the hydrogenated product of the patent in suit 
and that it was of much later date, Dr. Bacon testifying that the Ward Com¬ 
pany began using it in 1914 or 1915. 

Both the cotton-seed oil and the Ward-Esterbrook material, one a liquid and 
the other a dry [jowder, require to be mixed very thoroughly with the flour 
with which it is combined for cooking, and the merit of each material depends 
upon the thoroughness of this mixing. It has been shown by the testimony of 
Miss Hanko on the part of plaintiff in rebuttal, that this fact constitutes a very 
great olijeci.ion to the use of these materials, and, while it is possible to utilize 
them for shortening material in place of lard and lard compositions, such prac¬ 
tice is not within the range of the patience and ability of the ordinary house¬ 
wife 

The most serious objection to the use of the liqiikl cottoiwecd oil as a shorten¬ 
ing material is tlu' fact that it affords no moisture within the dough, while it 
decrea.se.s by .5!) jier cent, the amount tif water or milk required to make the 
Iiropcr consi.sf.om‘y of the b.att.er, and, as a result, the steam generated in cooking 
which IS needed for raising the dough to give it its light and flaky character 
when cooked, is absent. The consequence is that it is necessary to use expen¬ 
sive baking powder in connection with the oil to accomjilish this result. 

As to the h.ird material, it cannot, be used in frying without leaving a coating 
on the product, and the hardened material is indigestible because it cannot be 
acted upon in tlie digestive iiroeeasea nn'il it is in melted condition. If it 
remains unmcited at the body teiiiiierature, all the authoritie.s hold that to that 
extent it is indigc.stiblo, or at least is very much harder to digest limn the semi- 
solid cooking fats. 

It iilamly appears from the evidence that, the partially hydrogenized semi¬ 
solid product is the best of all the cooking inalerials discussed in the ease. In 
Part 1., mij/ra, we have recited from the patent in suit various advantages it 
has over (.he be.st leaf lard, and necessarily Ih-'rofore over compounds of cotton¬ 
seed oil and olco-stearin. Mr. Morrison was examined by the plaintiff in rebuttal 
on these points, and states with regard to such advantage.s that in hi.s opinion 
such statements of the patent were true when the application was filed, and 
that they are also true to-day (Morrison, Rec., p. 7K2, (Js. 61-70). Thus, he. 
says that the oil does not make the liest shortening, i.hat the hard fats were 
not as dige.stible as liquid fats, that the semi-solid of the patent in suit more 
closely resembles lard than do Ihc commercial mixtures of cotton-seed nil and 
oleo-si,earin, that in many respects the semi-solid product is suiierior to leaf lard 
as a shortening, that it is not so liable to become rancid and that the product 
can be heated tii a considerably higher temperature without smoking or burning. 

The testimony of (Itiy B. Taylor as to the commercial introduction and gen¬ 
eral acceiitancc of plaintiff’s patented product shows sales rising from two and 
half million pounds during the latter part of 1911 progressively from year to 
year up to sixty million pounds in 1916. This is eloquent testimony to the 
intrinsic value of the product and its relative merit as to prior and competing 
materials. 

Defendant is not in a position to assert that the hydrogenized semi-solid 
product is not of superior merit to the various cooking material to which the 
evidence aliove referred to relates, for in its pamphlets in evidence it takes the 
ground that its pnaliict Kream Krisp, which is a hydrogenized senii-,solid made 
from cotton-seed oil, is siqierior not only to lard, but also to compounds of 
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cotton-seed oil and oleo-stearin; indeed, to all other ehortening materials on the 
market, laying particular stress upon the fact that it wilt not turn rancid, does 
away with beef stearin, has a high smoking point, is free from adulteration and 
contains no hard fats or oil, but is completely changed by hydrogcnization to a 
butter-like consistency, has a low melting point and is easily assimilated by the 
digestive organs. 

No evidence has been offered on the part of the defendant questioning the 
merit in any of the above particulars of plaintiff’s patented product over these 
prior cooking materials, nor has it been claimed that defendant’s hydrogenized 
product is any better or different in these respects from that of the plaintiff. 

We think it is quite evident that not only is this testimony offered by defend¬ 
ant in regard to the character and use of these other cooking or shortening 
materials, wholly immaterial to the present issue, but that the record e,stabliBhe8 
the superior merit of the plaintiff’s partially hydrogenized semi-solid product, 
not only over these prior materials, but also over the best leaf lard itself. 

Conclusion 

In conclusion, we submit that Burchennl was the first to conceive and 
utilize hydrogenated cotton seed or other vegetable oil for edible purposes; that 
ho was the original and first inventor of an homogeneous lard like food product, 
consisting of an incompletely hydrogenized vegetable oil, as .set forth in claims 

1 and 2 in suit, and the father of the hydrogenized oil food industry; that the 
plaintiff was the first to introduce the said food product into public u.se and has 
effected a very wide and extensive introduction of the same and thereby eon- 
ferrod a great benefit on the public; that the invention set forth in claims 1 and 

2 in suit is new, not having been publiely used, or patented, or described in any 
printed publication, prior to the invention or discovery there by Burchenalf 
that the claims in suit are not limited, either by their own terms, or by the prior 
art, or by the accepted rules of construction, to the specific product set forth in 
the specification and claimed in the other claims of the patent; that plaintiff 
by reason of the premises is entitled to a broad construction of said claims in 
suit; thiit defendant by the manufacture and sale of “ Kream Krisp ” has 
infringed the claims in suit; and that, therefore, the plaintiff is entitled to a 
decree as prayed in the bill. 

April 28, 1917. 

Kerb, Paqe, Cooper & Hayward, 

Solicitors for Plaintiff. 

Livinoston Gifford, 

Alfred M. Allen, 

Thompson B. Kerb, 

Of Counsel. 
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UNITED STATES DISTRICT COURT. 
Southern District of New York. 


Procter & Gamule Company, 
I‘lainliff. 
vs. 

Berlin Mills Company, 

DrfettdavL 


In Equity, No. 13-100, 

On Burchenal Patent No. 1,135,351. 


BRIEF FOR DEFENDANT. 


.John C. Pennie, 
Solicitor for Defendmd. 

Marcus B. May, 

John C. Pennie, 

Courml far Dcfendatd. 

Foreword 

Thi.s ca.-io involves food fats, one of the three life sustaining elements, which 
consi.sl of proteins, carbohydrates and fats. 

The use of fats and oils of animal and vegetable origin is primarily that of a 
food, although to a more limited extent .such fats are employed for the manu¬ 
facture of soap, candles, lubricants and illuminants. Edible fats may be divided 
into table and culinary fats. “Table fats are those like butter and table oils, 
which are most commonly used as an accompaniment to food to secure a desired 
flavor or texture, and culinary or cooking fats are those which are incorporated 
with other foods (as shortening) or used as a medium for cooking foods, as in 
frying,” 

The alleged new product which forms the subject matter of the patent in suit, 
belongs to the second class, to wit, cuhnary or cooking fats; and 

it is at last an article which pertains to the cooking art; an art, if it may 
be properly called an art, which is as old as the discovery of the uses of 
fire, and as varied in its exemplifieations as the sands of the sea . . . 

(Lurton, C. J. in Sanitas Nut Food Co. vs. Voigt 139 Fed., 551, 
553. 

It is said to be a “ food product lonsisting of a vegetable oil, preferably cot¬ 
tonseed oil, partially hydrogenized and hardened to a homogeneous white or 
yellowish semi-solid closely simulating lard.” As will be shown, there have been 
on the market for many years as staple culinary fats, food products consisting 
of cottonseed oil hardened to a homogeneous white or yellowish semi-solid closely 
simulating lard by the addition of stiffening agents, such as oleo-stearine or a 
hard vegetable fat. As illustrating the extent to which such “ lard compounds ” 
or “ lard substitutes ” as they are called, are produced, the record shows that 
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Swift & Company alone manufacture and sell between 250,000,000 and 500,000- 
000 pounds annually of such food products. 

The stiffening or liardening of cottonseed oil by hydrogenation is not claimed 
as new in the patent in suit, for this was common property, and semi-solid fats 
produced by the hydrogenation of cottonseed and other vegetable and animal 
oils were also common property, before the alleged invention of the patent in 
suit, as the patentee conc^edes. 

In the very nature of thing^j it appears at the outset that the product of the 
patent in suit involves only the selection of a known fat for a use “ as old as the 
discovery of the uses of fire.” 


Parties 

The plaintiff, Procter & Gamble Company, an Ohio corporation. 

* * * 

The main buaincfis of the plaintiff was and is the manufacture of soap, and 
since March, 190i), it has been also engaged in the manufacture of a lard sub¬ 
stitute (Flake White) which however ia not the alleged new product of the patent 
in suit, and since May, 1911, it has also been engaged in the manufacture of 
Crisco. 

The defendant, Berlin Mills Company, is a Maine corporation having mills 
ati Berlin, Nev' Hampshire, for the manufacture of paper and wood pulp. For 
the purpose of utilizing a by-product—hydrogen—produced in the manufacture of 
bleach, it built a plant for the hydrogenation of oils, and by September, 1914, 
placed upon the market a lard substitute, Kream Krisp, which is alleged to 
infringe the patent in suit. This materia! is produced by a novel process and 
apparatus which are covered by defendant’s patents. 

Defenses 

In this case, the defendant relies upon two defenses, to wit: 

(1) The patent in suit is invalid and void; and 

(2) the defendant's product does not infringe the claims sued on. 

Under the first defense, the defendant submits that the patent i.s invalid and 
void; 

(a) because the patentee failed to comply with the provisions of Section 4888, 
U. S. Revised Statutes, which require such a written description of the product 
claimed and the method or producing it as will enable one skilled in the art 
without experiment “to make, construct, compound and use the same”; 

(h) because of new matter inserted in the specification and claims during the 
prosecution of the application which resulted in the issuance of the patent in suit; 

(c) because if there be any modicum of invention in the claims of the patent 
in suit—which the defendant denies—it is not the invention of the patentee, 
John J. Burchenal, but is the invention of Edwin Cuno Kayser, who disclosed 
it to said Burchenal; and 

(d) for want of patentable subject-matter. 

Under the second defense, that of non-infringement, the defendant urges; 

(a) That by reason of restrictions and limitations imposed upon the specifica¬ 
tion and claims in order to secure their allowance, the claiihs must be constnied 
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narrowly to a product having certain definite physical and chemical constants 
different from those of defendant’s product—Kream Krisp; 

(h) that Kream Krisp is not a homogeneous lard-Iike food product consisting 
of incompletely hydrogenized vegetable (cottonseed) oil, within the meaning of 
the claims; 

(c) that the claims must be limited to a product produced by the process 
described in the patent specification, and, since Kream Krisp is produced by a 
different process, it does not infringe; particularly as 

(1) defendant’s process cannot produce the product described in the patent in 
suit; and 

(2) the process described in the patent in suit cannot produce defendant’s 

product. 


The Patent in Suit 

The patent in suit to John J. liurchenal, No. 1,135,351, was applied for on 
November 10, 1910, and was issued April 13, 1915. It is not contended that 
defendant infringes claims 3 to 7, inclusive, which are directed to the product 
specifically described in t.hc specification, the plaintiff relying only on claims 1 
and 2. 

The specification describes a process of hydrogenating cottonseed oil, by agi¬ 
tating a mixture of oil and catalytic nickel, when heated to a temperature of 
about 155® C. in the ju'esence of an atmosphere of hydrogen, and stop])ing the 
reaction when the product on cooling is a white or yellowisli semi-solid. 

It is coriccd(*d l)y Hur<;henal that he is not the inventor of that i)roccss of 
hydrogenation described in his specification, and is not the inventor or dis¬ 
coverer of the semi-solid fatty products produced by such process. 

The Kuyscr patents, 1,004,035 and 1,008,474, which arc conceded to be prior 
art by Uurchenal, describe in detail the process briefly referred to in the Bur- 
chcnal patent specification and also describe the production of both solid and 
semi-^olid products of any desired consistency by the hydrogenation of cotton¬ 
seed oil. Various other patents and publications of the prior art, as will be 
shown, describe the hydrogenation of cottonseed and other oils into both solid 
and semi-solid products or fats. 

The Burchenal patent presents no claim for the process of hydrogenation, 
"and no claim in hiec verbis for “a scmi-eolid product produced by the hydro¬ 
genation of cottonseed or other vegetable oil.” The two claims m suit, however, 
specify 

A homogeneous lard-like food product consisting of an incompletely 
hydrogenized vegetable (cottonseed) oil; 

and by referring further to the specification, there is given a description of this 
specific food product, to wit: one “which is high in olein, low in linolin and 
lesser saturated fats and with only enough stearkie to make the product congeal 
at ordinary temperatures ” page 2, lines 22-27; or, more especially, one con¬ 
taining “ twenty to twenty-five per cent, of fully saturated glycerids, from five 
to ten per cent, linolin and from sixty-five to seventy-five per cent, olein. 

The specification, however, is silent as to any method for producing this 
particular “ lard-like ” food product. It assumes that such product will be pro¬ 
duced by the particular process set forth in lines 80-92, page 1 of the specifica- 
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tion. It assumes, apparently, that the scmi-aolid product produced by that 
process will he subjected to the same treatment that fats are ordinarily sub¬ 
jected in making lard or lard eompounds, for the s]K^cification describes no after- 
treatment of any kind to give to the product the salve-like consistency of lard, 
or the appearance of Crisco, so-called. The specification does not suggest 
the clarifying, deodorizing, refrigerating and aerating processes to whicdi lard 
substitutes arc subjected. D. R., 70-71, Qs488-49.'3. Nor docs the specifica¬ 
tion suggest that the cottonseed oil, which is to be treated, should be prelimi¬ 
narily refined. The percentage of catalyst to be used, and the extent of the 
pressure of hydrogen in the hydrogenating vessel are omitted. All these matters 
are treated in the patent as immaterial, the only directions given being to stop 
the process “ when the oil ha.*? bmi converted tx) a product which cools to a 
white or yellowish semi-solid. . . A dilemma is thus presented. Either any 
white or yellowish seinksolid produced by the hydrogenation of cottonseed oil - 
(for example, that described in the Kayscr patents is a “ homogeneous lard-like 
product,” containing 20-25% stearin, 05-75% olein and 5-10% linolin; or else 
the patent fails to describe how the product is to be produced, in acjcordainse 
with the requirements of Section 4888, U. S. Revised Statutes, as will be here¬ 
inafter more fully elaborated. 

In the first case it is to be observed that the patent in suit- while referring to 
vegetable oil” or to “other vegetable oil,” actually describes the treatment 
of cottonseed oil only, and obviously the jiroduct described is only that pro¬ 
duced by hydrogenizing cottonseed oil, or else the semi-solid products pro¬ 
duced by the hydrogenation of all vegetable oils must liave the proportions of 
component glycerides recit-cd in the specification. There is either, therefore, no 
difference between claims 1 and 2, or else claim 1 is for an alisl-raction—a gen¬ 
eralization—and as such is void or invalid. Claim 2 likewise being for the same 

product which is defined in the specification as having tlic certain proportion of 
component glyccrida and the other identifying charactcri.stics noted in the spe¬ 
cification, must be limited thereto, or else it, too, is a mere abstraction or gen¬ 
eralization and directed to wliat is manifestly old and ojien to the public gen¬ 

erally. 

♦ • • 

Where the patentee fails to enlighten those skilled in the art how to practice 
the invention he has failed to promote the useful arts, because when his patent 
expires the public is no better off than if the patent had never been granted. 

In the present case, as we shall show, the patentee not only seeks to exclude 
the public from the enjoyment of rights which the public had acquired from 
prior inventors and discoverers, but seeks to do this on a patent which is fatally 
defective,—^first, because of the unlawful inclusion of new matter, and, second, 
because the patentee has failed to disclose to the public any method of pro¬ 
ducing the product specifically described as having 20-25% stearin, 05-75%. 
olein and-6-10% linolin in its composition, or a product having “a high per¬ 
centage of olein, a low percentage of linolin and with only enough stearin to cause 
the product to congeal at ordinary temperatures/* 

* • * 

Hie record fails to show that the product of the patent in suit has ever been 
psoduced oommereially even by the plaintiff itself. 
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Cbisco 

The product Crisco, which the plaintiff manufactures, and which was placed 
on the market in May, 1911, admittedly does not embody or contain the pro¬ 
portions or percentages of component glycerides which the patentee Burchenal 
specifies in his patent. The affidavit filed by Burchenal on March 5, 1917, inti¬ 
mates that the product as originally described in his specification as filed, “ would 
necessarily ” or “ must have ” (to use the Examiner’s words) the composition 
20-25% stearin, C5-7.5% olein and 5-10% linolin; and Crisco, therefore, doe.i 
not contain the alleged invention of the patent in suit. It follows that the 
extent to which Crisco may have been made and sold, is immaterial to the pres¬ 
ent case. 

Furthermore, Crisco is made in part by secret processes—the secrets of which 
arc “ jealously guarded.” There is no complete statement in this case as to how 
" Crisco ” is actually manufactured. Defendant’s counsel were denied the right 
to see it made, or the machinery emjdoyed in its production, or the processes 
employed in its manufacture; and no one but the plaintiff knows now how to go 
about it to produce Crisco. 

* * * 


Morrison conceded that Crisco docs not have the composition recited in the 
patent in suit. 


Patent in Suit Crisco 

range range 

Stearin 20-25% 26 -27.3% 

Olein 05-75 57.8-62.9 

Linolin 5-10 16.‘2-19.8 


Crisco, as thus coiu^cdcd, docs not have the percentage of olein (65-75%) 
and the percentage of linolin (5-10%) which the product of the patent in suit 
” must necessarily ” have, and is not the alleged new product of the patent in 
suit. 

It is obvious, therefore, from this brief survey of the patent in suit, which will 
be amplified hereinafter with the admissions and concessions of Burchenal and 
other officers and employees of the plaintiff, that the patent is a menace to the 
public, that it is a raid on the public rights, and that the Court should declare 
it void. 

Tills patent in suit is part of a general plan to deprive the public of any right 
whateM’r to use hydrogenized fats for culinary purposes. The plaintiff has 
another patent. No. 1,135,93.5, issued to Burchenal on April 13, 1916, and which 
was filed coincidently with the patent in suit. On patent No. 1,136,935, a 
suit has been brought and is now pending against Swift & Company of Chicago, 
Richardson, XQ76, T. R., page 563. That patent purports to cover any lard¬ 
like edible hydrogenized oil or any edible product comprising a mixture of any 
hydrogenized oil with any unhydrogenized oil. There are 14 claims, of which the 
first four read as follows: 

1. A lard-like composition comprising edible hydrogenized fatty oil. 

2. A lard-like composition comprising edible hydrogenized vegetable oil. 

3. An edible oil product, comprising hydrogenized cottonseed oil and 
edible oily material blending therewith. 

4. An edible oil product of lard-like consistency, comprising edible 
bydri^enized oil and edible oily material blending therewith. 
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By claiming any lard4ike “ edible hydrogenized fatty oiland any oily mix¬ 
ture containing hydrogenized oil in the one patent, and any edible lard-like 
“ partially hydrogenized vegetable oil ” in the patent in suit, the plaintiff com¬ 
pany apparently seeks to exclude the public from its right to use, for edible or 
cooking purposes, any hydrogenized oil—and yet Burehenal admittedly did not 
invent any process of hydrogenation and did not invent or discover either fully 
or incompletely hydrogenized oil products, and did not invent anything to make 
such products available for edible or cooking purposes. 

• • * 

One of the chief concerns of many governments to-day, including our own, Is 
to supply their people with food fats sufficient to sustain life. But this plaintiff 
is seeking to make private gain from the world need. It asks this Court to aid 
it in excluding from the use of the public tw food products those fats which prior 
to Burchenal’s appearance had already been dedicated to the public for all the 
purposes to which they might be put by those men to whom belongs the credit of 
their discovery and production. 

* * * 

In reviewing the history of hydrogenation, the brief states olein and linolin 
are both liquids, the latter having a solidification point much lower than the 
former, 'fhe saturated glycerides arc solids, and are soluble in the unsaturaied 
glycerides. But of the two unsaturated glycerides, linohn is naj)al)le of dissolv¬ 
ing or holding in suspension a greater quantity of stearin than is olem. Hence, 
in those fatty bodies which are solid or semi-solid at ordinary temjMiratures, the 
stearin, olein and linolin are in such projwrtion that the stearin is not in sus¬ 
pension or in solution. The stearin may be either present in larger i)rop()rtion 
in the fat than in the oil; or the linolin may he so decreased and (X)iisequently 
the stearin so thrown out of solution as to solidify the mass. 

The same phenomenon appears when cottonseed oil, which consists of stearin, 
olein and linolin, is chilled. As the solvent })ower of the olein and linolin 
decreases with the lowering of the temperature, the saturated glycerides apjxiar 
visibly, and by filtration they may be retained in the filter and the liquid glycerido.s 
olein and linolin separated therefrom. Now, when the oil,—say, for example, 
cottonseed oil, which consists of linolin, olein and stearin (stearin and palmitin 
grouped together as “ stearin ”),—is subjected to the “ batch method,’’ or Ner¬ 
mann method, of hydrogenation, the linolin, which is more unstable of the two 
unsaturated glycerides, l>ecause it has two double bonds, is acted on first and is 
converted to olein. If the hydrogenation is carried on long enough, however, 
the olein is also affected, and at last both the linolin and the olein are converted 
into stearin. But during the progress of the reaction, the proixjrtion of olein is 
gradually increased with the corresponding gradual decrease in linolin, and the 
viscosity of the oil is gradually increased until it assumes a semi-solid condition. * 
This may or may not be accompanied by an increase in the proportion of 
stearin. In the patent in suit, for instance, the preferred semi-aolid product 
described therein is said to consist of 23% stearin, 69.5% olein and 7.5% lin¬ 
olin,—or generally 20-25% stearin, 65-75% olein and 5-10% linolin. It is 
conceded by Dr. Baskerville that cottonseed oil, according to an analysis given 
by him, may consist of 23.3% stearin, 28.9% olein and 47.8% linolin. Hence, 
to produce the preferred product of the patent in suit, the 47.8% of linolin in 
the original oil must be reduced to 7.5%, and the 28.9% of olein in the original' 
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oil must ho correspondingly incrciistxl l»y the hydrogenation to 09.5%, and this 
conversion of linolin to olein should produce a semi-solid product. 

• * • 

But ordinarily in the batch procefw of hydrogenation, while the proportion of 
olein is l)cing rapidly increased, there is also a small increase in the proportion 
of stearin. This is shown by the various samples produced by the defendant— 
particularly the series of samples L*, el seq.^ terminating in (L«) and (L7), Ex¬ 
hibits A'H', which have the following composition: 




L. 

Lt 

Per 

cent saturated glycerides 

39,9 

40.5 

l*or 

cent olein 

56.2 

55.6 

Per 

cent linolin 

3.9 

3,9 


In this case, starting with the original oil, the saturated glycerides have been 
increased from 23.3% to 39.9% in one (uwe, and to 40.5% in the other. 

The extent to which an oil or fat is saturated may be ascertained by finding 
how much iodine will be taken up by a given quantity of the oil or fat, for the 
iodine has the capacity of breaking the double bonds of the unsaturated glycer¬ 
ides and attaching itself themto. If the fatty body will take up no iodine, it is 
said to have an “ iodine value ” of zeni. Oleic acid has an iodine value of 90. 
Tjinolic acid has an iodine value of ISO; i.e., by reason of its having two double 
lionds, IlnoUc acid can take up twice as much iodine a.H oleic acid which has but 
one double bond. Cottonseed oil has an iodine value of 10S to 110, and the liquid 
fatty acids of cottons<^ed oil (i.e, the mixture of oleic acid and linolic acrid after 
they have been separated from their glycrerine molecules) have an iodine value 
of 147 or 148. Incidentally, one knowing the iodine value of the original oil 
or fat, and the iodine value of ita liquid fatty acids, is aide, by a simple mathe¬ 
matical formula, to ascertain the projwrtions of linolin, olein and .saturated gly¬ 
cerides of such original oil or fat. One of the ways, therefore, in which an oil 
or fat is recognized, is by ascerfaining its iodine value, as oils and fats have 
certain characteristic or identifying values. 


The various common oils and fats used for food or culinary purposes consist 
mainly, as already stated, of the glyceride-s of linolic and oleic acids and the 
glycerid'-' of the saturated acids, palmitic and stearic, which are commonly 
grouped together and termed stearin. ^ 

There are traces of the glyceride of arachidic acid in cottonseed oil, but ara- 
chidic acid is a saturated acid and its glyceride is grouped with those of the other 
.saturated acids under the term “ stearin ” or saturated fats. 

The proportions in which these component glycerides are found in the various 
oils and fats differ. In lard, for example, we find 43% saturated glycerides, 
8 to 10% linolin, and 48 to 50% olein, in olive oil, about 11% stearin, 8% 
linolin, and 81% olein. 

♦ * « 

The Prior Art 

The catalytic hydrogenation of oils was first described by Dr. Wilhelm Nor- 
T pann in British patent No. 1515 of the year 1903 (Defendant's Ex. Book page 
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94) and in the corresponding German patent to LePrincc & Siveke No. 141,029, 
Published May 4, 1903 (Ex. Book page 102). There is no corresponding United 
States patent, and the hydrogenation of oils in accordance with the Norniann 
process and the products i)roduced thereby are accordingly public property in 
this country. 

Dr. Normann, in his patents, refers to the prior work of Sabatier and Sen- 
derens in hydrogenating various unsaturated hydro-carbons, and then states, 
beginning at line 27 of page 2. 

1 have found, that it is easy to convert by this catalytic method 
unsaturated fatty acids into saturated acids. ... It is sufficient, how¬ 
ever, to expose the fat or the fatty acid in a liquid condition to the action 
of hydrogen and the catalytic sul)8tance. 

For instan(«, if fine nickel powder obtained i)y reduction in a current 
of hydrogen, is added to chemically pure oleic acid, then the latter heated 
over an oil bath, and a strong current of hydrogen is cau,sed to pass 
through it for a sufficient length of time, the oleic acid may be eom- 
pletely converted into .stearic acid. 

The quantity of tlic nickel thus added and the temperature are imma¬ 
terial and will only alTcct the duration of the proce.ss. Apart from the 
formation of small quantities of nickel .soap, which may be easily decom¬ 
posed by dilute mineral acids, the reaction i)as.ses off without any secon¬ 
dary reaction taking place. The same nickel may be used repeatedly. 
Instead of pure oleic acid, commercial fatty acids may be treated in the 
same manner. The yellowish fatty acid.s of tallow, which molt between 
44 and 48° C. and whose iodine number is 35.1, will, iifter hydrogenation, 
melt between 56..') and 59° C. while their iodine number will bo 9.8 and 
their colour slightly hghter than before, and they will be very hard. 

The same method is applicable not only to free fatty acids, but also 
to their glycerides occurring in nature, that i.s to say, to fats and oils. 
Olive oils will yield a hard tallow-like mass; hnseed oil and fish oil will 
give similar results ” (Italics ours). 

* • * 

Normann describes his final product, produced by this progressive reaction 
from olive oil, as a hard “ tallow-like ” mass. Ordinary tallow, as Dr. Bacon 
points out, is of a somewhat semi-solid character, comparable with lard, 
and is one of the common oroking fats. Hence, Normann describes his final 
products by comparison with a common food fat, and Dr. Bacon has testified to 
the fact that,— 

If an edible olive oil was started with, one would certainly obtain an 
edible hydrogenated product. 

* * • 

Dr. Bacon has also testified that the Normann process is a commercial process 
which he has seen in use in this country on a commercial scale, and he is cor¬ 
roborated in this by Dr. iliehardson. The underlying and pioneer nature of the 
Normann patent and process, upon which the world-wide industry of hydrogenized 
oils is based (whether these hydrogenized products be used for food, soap, candles, 
lubricants, or other purposes) has been emphasized by counsel for the plain¬ 
tiff in his cross-examination of defendant’s expert. Dr. Bacon. 
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Normann, in his patent, docs not dcsrrilie tlic purposes for which his hydro¬ 
genated fats are intended Iml leaves them to I* inferred by those skilled in the 
oil and fat industry. 

* ♦ ♦ 

Dr. Bacon has testified also that at the Larkin plant various degrees of hard¬ 
ness and of saturation are obtained in the commercial practice of the Normann 
process, and that these products, although edible, are nevertheless used for soap 
purposes. 

* * * 

The brief then refers to Sabatier and Senderens work and to the Bedford 
thesis. 

* * * 

Fokin, in his first publication of 1906 (,T. Russ. Phys.-Chem. Soc. Vol,, 38, 
pages 419-446), describe.s first, the hydrogenation of oleic acid and other fatty 
acids to various conststencies and degrees of incomplete hydrogenation. In 
experiment 28, he also describes the hydrogenation of almond oil and he states 
that after one hour be obtained a product of 30“ titer (page 26 of translation, 
lOx. F). As the result of this experiment, with almond oil Fokin concludes: 

Thus, the reaction proceeds with glycerides also. 

In his second article of 1906 (ibid, Vol., 38, pages 755-758), Fokin further 
describes the hydrogenation of unsaturated fatty acids and glycerides, by carry¬ 
ing out the hydrogenation under pressure. With respect to the glycerides, he 
states: 


The reduction of glycerides proceeds worse than that of free acids 
but nevertheless it is not difficult to convert linseed oil or any other drying 
oil whatever into substances with small iodine numbers, at first into 
products of the tyjie of sunflower oil or poppy oil, and then into products 
analogous to sesame oil or rattonseed oil. 

Alninjui arid olive oil undergo a metamorphosis into fats canespondiny 
U) beef or muthn dripymigs. 

Oils with large iodine numbers require a longer time, but at the final 
end they also give solid fats. (Italics ours). 

Dr. Bacon points out that beef and mutton drippings is what is known as 
beef tallow and mutton tallow; that is, the rendered fat of beef or mutton,” 
and that such products are “ very close to the lard range in melting point and 
actually used by many people for cooking and shortening purposes.” 

Dr. Bacon also points out that the iodine values of linseed oil, sunflower oil, 
and cottonseed oil, are respectively about 185, 120 and 110, so that when Fokin 
describes the conversion of linseed oil into products of the type of sunflower 
oil and then into products analogous to cottonseed oil, and finally into sub¬ 
stances with small iodine values, he is describing a progressive reaction and 
degrees of hydrogenation far short of completion. T. R. 673. The above quo¬ 
tation from Fokin thus shows a clear appreciation by him of the gradual and 
progressive nature of the reaction, resulting in the gradual and progressive low¬ 
ering of the iodine value, with the formation of various intermediate products 
which were comparable with natural products of like iodine values; and Fokin 
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dearly indicates that the various vegetable oils (including linseed, olive and 
almond) will give uixin hydrogenation not only oils of lower iodine values but 
also solid and seniisolid fats and products with small iodine values. Fokin thus 
describes clearly the production of intermediate products of all degrees of hydro¬ 
genation, from the original oil to the final hard fat, as a necessary and inevitable 
consequence of his process of hydrogenation. 

In this second Fokin publication, Fokin also describes the hydrogenation of 
oleic acid to various degrees of saturation, and to products of various solidifying 
points, e.g., .54.5°, 46.5°, 82-24°, 61°, 4.A44°, 64-62°, 

In his third article, published in 1907, Defendant’s Ex. Book, page 114 Fokin 
further describes the hydrogenation of oleic acid, croton oil and almond oil. In 
the case of oleic acid he describes .several experiments which show the gradual 
and progressive nature of the reaction and the gradual and progressive conversion 
of oleic acid into a product of progressively increasing content of stearic acid, 
the actual percentage of stearic acid produced being stated after various time 
intervals. 

In his fourth article, published in 1908 Ex. F, Fokin further describes the 
gradual and progressive nature of the hydrogenation of fatty acids .and glycerides, 
giving many examples, and showing that the absorption of hydrogen is gradual 
and progressive. In fact, Fokin measured the progress of the reaction and found 
it to be of such a progressive nature that it is capable of representation graph¬ 
ically by plotting curves. These curves arc found on pages 307 and 318 of 
the original Russian article (J. Russ. Phys-Chem. Soc. Vol., 40) and on page 
1497 of the German article (Zeit. Angew. Chem. Vol., 22). In experiments, 16 
and 17, of this fourth article, Fokin describes the hydrogenation of sunflower 
oil, also an edible oil and shows that it also undergoes a gradual and progressive 
hydrogenation, as indicated by the hydrogen absorption. 

In their British patent No. 2520 of 1907, Bedford and Williams describe the 
catalytic hydrogenation of various organic substances, including fatty acids and 
their esters. They note that the hydrogenation of oleic acid results in the 
bleaching of the product, as well as its hydrogenation; and they point out that 
the product of their process is white and requires no further treatment (page 4, 
lines 13-16). With respect to linseed oil (a vegetable oil), they state— 

Linseed oil is converted in a solid with solidifiying point 53° C. 

• * • 

On July 11, 1908, Paal & Roth published an article in the Berichte der 
Deutschen Chemischen Gesellschaft (Vol. 41, pages 2283-2291) in which they 
describe the hydrogenation of fatty acids and glycerides with the aid of col¬ 
loidal palladium as a catalyst. Touching the reduction or hydrogenation of 
glycerides, they state Defendant’s Ex. Book, pages 122, 123): 

The Reduction of the Fats. 

The animal and vegetable fate and oils are, as is well known, mixtures 
of the glycerine esters of saturated and unsaturated fatty acids; some of 
them contain in addition the glycerine esters unsaturated oxy-fatty acids. 
The ratio in which the gdyeerine esters are present in the separate fats 
is only relatively constant, it varies within certain limits. All fats with¬ 
out exgeptkm contain glycerides of unsaturated acids in the presence of 
^. glyoeridee of the saturated acids. The amount of glycerides of unsat- 
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urated acids is determined on the basis of the quantity of iodine or chlor¬ 
ine which they will take up. 

The Hubl Iodine Number, which gives the quantity of iodine in per 
cent of the amount of fat under certain definite conditions and which 
in food chemistry plays an important part in detecting adulteration and 
in the identification of the fats, is within certain limits, constant for each 
individual fat. According to the amount of glycerides of unsaturated 
acids contained in a fat the iodine numbers of different fat varies between 
8 and 180%. 

« « « 

The above-de.scribed transformation of oleic acid into stearic acid led 
us to expand our experiments to include the fats also. We chose as our 
starting material at first two vegetable fats, castor oil and olive oil, and 
an animal fat, cod liver oil, which have high iodine numbers and are 
therefore rich in unsaturated fatty acids. ... By measuring the quan¬ 
tity of hydrogen absorbed and by determining the iodine number of the 
reduced fats, by the process usually employed in food chemistry, we could 
folloie the progress of the hydrogenation and determine the end of the pro¬ 
cess. (Italics ours.) 

Paal & Roth de.scribc several experiments where they did in fact follow the 
progress of the reaction and noted the amounts of hydrogen absorbed at periodic 
intervals, the same as did Fokin in his 1908 publication. Paal & Roth started 
their hydrogenation at ordinary temperature, and followed it until the hydro¬ 
genation stopped, and they found it was necessary then to heat the reaction 
vessel to make the reaction continue. They explain this as follows: 

An explanation of the effect of heating can be found in the fact that as 
the hydrogenation takes place, the product formed is solid at the ordinary 
temperature and .separates out in the form of crystals which hinder the 
action of the colloidal palladium upon the oil. By heating, the crystals 
are liquefied and the hydrogenation again starts. 

This explanation is in connection with the hydrogenation of olive oil, and not 
only does it show an appreciation of the gradual and progressive nature of the 
process, but it also shows that of necessity there wa.s obtained by this reaction 
a seiiu-solid and incompletely hydrogenated product, solidifying at ordinary 
temperatures, but far from lieing completely hydrogenated; for even after heat¬ 
ing and further hydrogenation they obtained from the olive oil a product still 
incompletely hydrogenated which softened at 43 and melted at 47. They state— 

The iodine number of the hydrogenated fat was 9; this shows that 
the original oil had been hydrogenated to a oonsiderabb degree but that 
complete hydrogenation had not taken place by any means. 

In their second article of May 8, 1909, in the some publication (Vol. 42, 1541 
to 1553), Paal & Roth further describe their work, and state,— 

Besides castor oil, and olive oil, which were studied in our first com- 
munication, we have experimented with the vegetable fats, croton oil, 
sesame oil, cottonseed oil, linseed oil, as well as animal fats as represented 
by butter, lard and oleomargarine. With these fats also it was rare that 
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we could at once accomplish a complete hydrogenation down to an iodine 
number of 0. But when the imrtially hydrogenated fats were subjected 
to another reduction, it was possible, in most cases, to accomplish com¬ 
plete hydrogenation. 


In addition to thus emphasizing the progressive nature of the hydrogenation 
and pointing out that products of greater, as well as of les.scr, degrees of incom¬ 
plete hydrogenation are [xissible, they note the improved properties of the 
hydrogenated fata, as to their rancidity,— 


In contrast to the natural fate, which on standing naturally become 
rancid more or less rapidly, the hydrogenated fats show an extraordinary 
stability. After being kept for six months or a year in loosely stoppered 
bottles they remained entirely unchanged and had no rancid odor or taste. 


With respect to croton oil, these authors note,— 

The reduced fat had entirely lost the terrible burning taste of croton oil. 

Not only did they thus teste the product, but they studied the physiological 
action of the partially and completely hydrogenated croton oil and found that 
the hydrogenation had converted the poisonous croton oil into a hydrogenated 
product which ® 


when administered internally in a very large dose caused no diarrhma or 
mflammation with a rabbit or with a dog, 

and hence was non poisonous. 

With olive oil Paal & Roth repeated the hydrogenation, in the same pro- 
gressive manner described in their 1908 article, carrying out the reaction in two 
st^es. During the first stage the iodine value was reduced from 81 to 39 7 
(about half way) and during the second .sti4;e from 39.7 to zero. 'J’he gradual 
and progressive nature of the process is emphasized by the fact that the complete 
hydrogenation required 29 hours time. 

With sesame oil, Paul & Itoth followeil the progress of the hydrogenation by 
noting the hydrogen absorption at various time intervals. 

Cottonseed oil was similarly hydrogenated, and with it, as with the other oils 
the reaction progressed at ordinary temperatures until “ the fat globules began to’ 
solidify out," whereupon the reaction veascl was wanned and the progress of the 
reaction continued. Thus with cottonseed oil, as with olive oil, Paal & Roth 
describe the production of incompletely hydrogenated products solidifying at 
ordinary temperatures. 

Ptel & Roth note also that the hydrogenated cottonseed oil fails to respond 
to the Halphen test. ^ 

They alro hydrogenated butter, lard and oleomargarine, three of the best 
^own fo^^^fats. The hydrogenized butter had “a slight pleasant nuWike 

product. Another hydrogenated butter had a melting point of 39.5^1 and 
^dr^^t^^^* ** “ semi-solid and incompletely 

Paal ft Roth thus hydrogenated most of the common oils and fate used for 
foo^urpos^. They noted the freedom from rancid taste and odor of the 
byftwgenftted fate even after long standing. Only in the ease of the poisonous 
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croton oil did they consider it nece^ary to make a direct statement of their 
physiological tests (made in tlie usual manner in which such te^sts arc com¬ 
monly made to Jisccrtain whether a product is poisonous or edible) and in this 
case they observed that the hydrogenated product was no longer poisonous but 
was rendered innocuous by the hydrogenation. They also called attention to 
t he absence of “ the terrible burning taste of croton oil ” in the hydrogenated 
product, 

« * « 

Erdmann, in his German patent No. 211,669 of 1907 (published July 13, 1909). 
Defendant’s Ex. Book, page 105, descril>es, in Example 3, the hydrogenation of 
a low melting tallow of solidification point 31“ into a harder tallow of solidifi¬ 
cation point 38“, which, as Dr. Bacon points out, is a product “ still very far 
short of complete hydrogenation.” Completely hydrogenated tallow would have 
a solidification point of about 55 or 60“. Tallow, as pointed out by Dr. Bacon, 
is one of the common food fata. 


Kayher 

Edwin Cuno Kayser is the patentee of U. S. patents No. 1,004,035, granted 
September 26, 1911, on an application filed March 20, 1908, and No. 1,008,474, 
granted November 14, 1911, on an application filed Fel>. 18, 1910. Both patents 
were granted to The Procter and Gamble Company (the present plaintiff) as 
assigneif and have since been transferred to the Hydrogenation Company. Q258- 
262, 1). R., page 35. The applications for these patents were prosecuted before 
the Patent Office by the same attorneys who prosecuted the application of the 
Burchenal patent in suit, as appears from the file wrappers in evidence, Ex. G 
and H, and l)<)th applications were filed long before the filing of the ai)plication 
for the Burchenal patent in suit. These Kayser patents will expire some four 
years prior to the expiration of the Burchenal patent in suit, and the right to 
practice the processes of these pat-ents and to produce the products of such 
processes will then become public property. 

Bunfficnal has testified that the Kayser applications were filed with his knowl¬ 
edge and approval, and he has expressly disclaimed inventorship of any of the 
processes or parts thereof described in the specifications of these two Kayser 
patents. 

• « • 

Kayser came to this country in November of 1907, and went immediately to 
Cincinnati, where he began negotiations with the Procter & Gamble Company, 
through their General Manager Burchenal, to interest the Procter & Gamble 
(Company in a process which he had manipulated for some three years; a prooeas 
which he said he alone was thoroughly familiar with, and which was “ of the 
greatest poasiblo importance to soap manufacturers,” the Procter & Gamble Co. 
being then soap manufacturers. It appears that Kayser l)egan his work on the 
catalytic hydrogenation of oils in 1904, a year or so after the publication of the 
Normann British and German patents in 1903, and that Kayser’s work, before 
coming to this country, was at Joseph Crosfield & Sons, Limited, of Warrington, 
England. D. R. 11, Q57-59; 28, Q191; 64, Q449, 207; and 211, Q9. Croa- 
fields were naturally much put out about Kayser leaving them and coming to this 
country, D. R., 154, Q164, since, os Kayser states in hia letter of October 18th, 
he alone was thoroughly acquainted with the manipulation of the process which 
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he had been using for three years and which he proposed to introduce in this 
country as a process “ of the greatest ])ossihle importance.” 

As was to be expected, under the circumstances, Kayser brought with him 
samples of the products which he had l)ecn producing at Crosfield's, and it was 
these products which he showed to Burchenal. At least one of these products 
was produced by hydrogenation from cottonseed oil. D. R., 9-10, 39. Bur- 
chenal had no knowledge or interest in hydrogenation prior to this time. D. R., 
227-228. It is Burchenal’s assertion that the products Kayser brought with 
him were very hard, but the only written record of any of these products is of a 
product “ which showed an iodine value of 52.26 and a melting point of 39.3® 

D. R., 122, last paragraph. It is indeed significant that the only record of any 
product which Kayser brought to this country from Crosfield’s in England had 
a melting point of 39.3® C. and an iodine value of 52.26. This product, which 
Kayser showed to Burchenal, had a melting point within the range of melting 
points given in the sp)ccification as filwl of the Burchenal patent in suit, and 
within the range now given in the patent in suit. The iodine value of said 
product is less than 3® lower than the Irjwer limit of iodine values of the Bur¬ 
chenal patent in suit, and far closer than is the iodine value of the defendant’s 
product Kream Krisp to the upper limit of iodine values of the patent in suit. 
If one may then judge from the report of Dr. Bender, Pro<5tcr & Gamble’s 
chemist at the time, and from the rec«>rds of Procter and Gamble, the only 
samples from Crosfield’s which Kayser brought t-o this country are the samples 
having a melting point and iodine value which corresf)ond to those of the 
Burchenal patent in suit. It. is evident that. Bun^hcnal cannot (tlaim that he is 
the inventor of any hydrogenized oil or fat such as tliat which Kayser brought 
to this country and showed to him. 

After the preliminary negotiations and the building of a small plant for his 
process at the plant of Pn^efer and Gamble in Cincinnati, Kayser gave a demon¬ 
stration of his process which is described in certain note.s or re})orts which are 
reproduced at pages 120-124 of the deposition record. These notes describe 
the Kayser process in detail, as it was disclosed by Kayser to Hunihenal and to 
Anderson, and as it was practiced and demoastratod by him. The process is in 
all essentials identical with that described in the Kayser patents Nos. 1,004,035 
and 1,008,474 above referred to. In demonstrating his process Kayser produced 
products of varying degrees of hardness, as indicated by the following melting- 
points: 55.5® C.; 60.3® C.; 55® C.; 60® C.; 42® C.; 43® C.; 59.K® C. 

The apparatus which was built for Keywr, and in which he demonstrated 
his process to Burchenal, was completed and operated in January, 1908. D. R., 
11 Q61; 122, Q851. Burchenal was quite familiar with the apparatus at the 
time and observed its operation at various times in the early T)art of 1908. 
D. R. 90, Q601-604, and he was also familiar with the reports made by Kayser 
to Anderson: 

Q385. And reports were made by Mr. Kayser to Mr. Anderson? 
A. Yes, sir. 

Q386. And it was from Mr. Anderson that you obtained your knowl¬ 
edge of the reports? A. Oh, no; I was in touch with them daily. 

Burchenal thus knew everything that Kayser was doing; and in particular 
he knew of the reports of Kayser, with which he was in contact daily. The; e 
reports, which ore in evidence, are few in number. One of them, that of March 
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6, 1908, describes the hydrogenation of cottonseed oil, to given products with a 
melting point of 42° C. and 43° C., respectively. D. R., 124, 125, Q853. An¬ 
derson, to whom these reports were made, has testified that these reports were 
al)solutely true at the time they were made, D. R., 170, QlOO, and that Kayser 
was left absolutely to his own initiative in the carrying out of his process and 
every facility provided him. 

* • • 

The Kayser process, as dcscriljed in Kayser’s reports, and in the Kayser pat¬ 
ents, has been demonstrated by defendant’s witness Richter in the presence of 
coun.sel and experts for the plaintiff. The catalyzer was conceded to have been 
produced in accordance with the process used by Kayser, T. R., 591, and the 
apparatus and conditions of operation used were those of the Kayser reports and 
the Kayser patents. These experiments arc described by Richter, and the pro¬ 
priety of the procedure or the apparatus was not questioned on cross examina¬ 
tion. The oil used was refined cottonseed oil, the same as Kayser used in the 
demonstration of his process to Burchenal early in 1908. The reaction was 
noted as being a gradual and progreasive reaction and the oil was gradually 
incrca.scd in hardness as the reaction proceeded. T. R., 608, Qs225-226. This 
was in fact to be expected from the very nature of the process, which involves 
the bringing of films or a spray of the oil and catalyst progressively into an 
overlying body of hydrogen in order that the necessary contact between the 
hydrogen, catalyst and oil may take place and in order that the reaction may 
proceed. Samples were taken from time to time during the progress of the 
process and tho.se samples which have been produced in evidence show clearly 
the gradual and progreasive nature of the reaction. As with the series of sam¬ 
ples produced by Dr. Walker, Ex. M, so the scries of samples produced by Rich¬ 
ter by the Kayser process show a gradual and progressive hardening or satura¬ 
tion and a gradually increasing melting point. The two experiments demon¬ 
strating the Kayser process were called respectively the “ K-run ” and the " L- 
run.” The series of samples are marked respectively: K-0, K-1, K-2, &c., 
and L-0, L-1, L-2, &c. The L-run was for the purpose of jjroducing the products 
of melting point of 42° C. and 43° C., respectively, which Kayser produced and 
showed to Burchenal on March 5, 1908. These various samples and their 
melting points, as well as the time required for their production, are shown in 
the following table; 


K- AND L-RUNS (KAYSER PROCESS). 


, of Sample. 

Time. 


Melting Point. 

K-0 

0 


liquid (cottponseed oil) 

K-1 

17 min. 

liquid 


K-2 

27 

(( 

liquid 


K-3 

37 

44 

90.5° F. 

32.5° C. 

K-4 

42 

44 

92.5 

33.6 

K-5 

57 

44 

95.4 

35.2 

K-6 

72 

44 

101.2 

38.4 

K-7 

77 

44 

100.5 

38. 

K-8 

123 

44 

106. 

41.1 

K-9 

303 

44 

115.8 

62.3 

K-10 

480 

44 

121.0 

46.5 

K-11 

716 

44 

126.2 

49.4 
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No. of Sample. Time. Melting Point. 


L-0 

0 

liquid 

(cottonseed oil) 

L-1 

1 hr. 

liquid 


L-2 

2 “ 

97.5 

36.4° C. 

L-3 

3 " 

103.0 

39.4 

L-4 

3i " 

106.0 

41.2 

L-5 

3i “ 

106.8 

41.8 

L-6 

3 hr. SO min. 

107.8 

42.1 

L-7 . 

4 hr. S min. 

108.9 

42.8 


• « • 

The products designated L-6 and L-7 arc the products wliich correspond, 
within a .small fraction of a degree, to the products of melting point 42° C. and 
4.3° C., which Kayser produced and showed to Burcheiial on March 5, 1908, 
D. R., 124, as above pointed out. The iodine values of these two products 
I.r-6 and L-7 are respectively 5.5.4 and 54.5, which correspond to the iodine 
value 55 found as the lower limit of iodine values in the Burchcnal p.atent m 
suit. These two products L-6 and L-7 therefore have the same melting points 
and iodine values as the product of the patent in suit, as such product was 
defined in the application when filed, since this application as filed gave no other 
directions for producing the product than to stop when the product had a melting 
{Kjint of 36 to 43° C.; and such products were stated to have an iodine value of 
55 to 80. Nevertheless, and even though these samples Lr-6 and L-7 corre¬ 
spond in melting point and iodine value with the products of the Burchenal 
application as filed, their comiiosition, as indicated by their content of saturated 
glycerides, olein and linolin, is quite different from that introduced into the 
Burchenal application by amendment and now found in the Burchenal patent, 
as will appear from the following comparison. 


BuTchemd PateiU 




L-6. 

L-7. 

Melting point (application as filed). 

36-43 

42.1 

43.1 

Iodine value. 

55-80 

55.4 

54.5 

Saturated glycerides. 

20-257o 

39.9 

40.5 

Olein. 

66-75% 

56.2 

55.6 

Linolin. 

6-10% 

3.9 

3.9 


The composition of these two products, L-6 and L-7, is shown on triangular 
chart 403. D. R., 609. It may be here noted, as is pointed out elsewhere in 
the brief, that the Kayser process followed in producing these products L-6 and 
L-7 is the same process described in the Burchenal patent in suit, and that the 
Burchenal patent gives no other directions for the production of a product 
having the composition specified in the patent than those which were followed 
in the production of L-6 and L-7. Tlie semi-solid product of the patent, there¬ 
fore, cannot be produced without experimentation and without ascertaining the 
necessary conditions for its production; and the product having the composi¬ 
tion stated in the patent is not accordingly the product originally described and 
having the noelting point and iodine value originally stated. 

The samples L-6 and L-7 are edible, T. R. 592, Q134; 611, XQ259; and 
IBoht^ has te.stified that he has made many products by the same process and 
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of a similar nature and that they all proved edible, T. R. 611, XQ263. Upon 
aeration of these products L-6 and L-7, by laboratory methods, to approximate 
those in which lard and lard substitutes are aerated by passing over the chilling 
rolls and aerating with pickers, these products are converted into a “ salve-like 
product ” of lard consistency as appears from Exhibits C-1 and D-1, and 
from Richter’s testimony. 

The produet Ir-3 has a melting point of 39.4, which is almost identical with 
the product of melting point 39.3 which Kayser brought to this country from 
Crosficld’a and showed to Burchenal. This jiroduct is even softer in consistency 
than the samples L-6 and L-7, as is to be expected from its lower melting point. 
The samples K-6 and K-7 are also of a Uke melting point to that of the product 
which Kayser brought to this country and showed to Burchenal as one of the 
products (and the only product so far as the records of Procter and Gamble 
show) of the process which he desired to exjiloit in this country and which he 
represented to Procter and Gamble as a process as “ of the greatest possible 
importance.” 

The history of hydrogenation at Procter and Gamble’s will be dealt with more 
in detail in a subsequent portion of the brief; and it will be shown that edible 
hydrogenised cotton-seed oil was used in making lard substitutes and that such 
lard substitutes were sold in large quantities by Procter and Gamble long before 
the alleged invention by Burchenal of the food product of the jiatent in suit; 
so that such lard substitutes arc also a part of the prior art so far as the Bur- 
cheiial patent in suit is concerned. In the present discussion of the Kayser 
process, as a part of the prior art, we have shown that the Kayser process, as 
well as the batch processes of Norinann, Fokin, and Paal and Roth, is a grad¬ 
ual and progressive process and a process which inevitably and of necessity gives 
all the intermediate products between the original oil and the final and ultimata 
degree of saturation which may be aimed at. We have also shown, by pro¬ 
ducing the products which Kayser brought to this country and showed to 
Burchenal, and which Kayser produced on March 5, 1908, and showed to Bur- 
chcnal, that they were edible products, as Burchenal in fact concedes, and that 
these products correspond to the product of the Burchenal application, as filed, 
of the patent in suit. In Kayser’s actual demonstration of the process in 1908, 
as Burchenal has testified, samiiles were taken from time to time, just as sam¬ 
ples were taken from time to time in the K- and L-runs above referred to. BuP- 
chenal in fact states that the taking of samjiles from time to time was the reg¬ 
ular procedure in experimental work. D. R. 17, QslOO-lOl. Burchenal also 
appreciated that the Kayser process was a progressive reaction during which the 
hydrogen was gradually absorbed, the oil gradually hardened, the iodine value 
gradually decreased, and the solidification point gradually raised. D. R. 21, 
(Jsl33-136. Anderson has similarly testified that the Kayser process is a grad¬ 
ual process and a progressive reaction,- the oil gradually changing from a hquid 
to a semi-liqudi consistency and then to a relatively hard consistency. 

• • • 

Kayser had been manipulating his process for three years before he came to 
this country and he hhnsclf stated in his letter, D. R., page 207, that he was 
thoroughly familiar with it. He brought to this country samples of a melting 
point of 39.3° as representing the products produced by his process; and on the 
basis of these samples, and perhaps others of which there is no analytical record, 
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he induced Procter and Gamble to sidetrack other work in order to give him the 
right of way to demonstrate his process by which such products could be pro¬ 
duced. 

* * • 

The only oil particularly referred to in the Kayser patents is cottonseed oil; 
and the evidence shows that this is the only oil that he hydrogenized in his 
early work in this country, as well as one of the oils which he hydrogenized and 
brought to this country with him. It was moreover refined cottonseed oil that 
Kayser used in all his work after coining to this country in 1908. D. H., 107, 
Q869-73. 

* • * 

Kayser finally concluded his work in this country and returned to England. 
He is now a stockholder in the Proctor and Gamble Company. D. R., 51, 
Q376. The defendant in this case, misled into believing that Kayser was no 
1 mger in the employ of the Procter and Gamble Company or subject to its 
control, T. R., 639, went to great exjiense and trouble in an attempt to find 
Kayser and find out from him about his work in this country; and a repre¬ 
sentative was sent to England in war time to interview Ivayser, only to find, 
after long delay and much difficulty, that Kayser’s mouth was closed. We now 
know that Kayser has lieen in the employ of Procter and Gamble continually 
and that he is under agreement with them not to disclose any information 
regarding anything he did while in their employ. Similarly an attempt was made 
to find out from Crosfields about the work which Kayser did before coming to 
this country. But Crosfields' mouth was also closed. We now know that the 
relations of Crosfields with the Procter and Gamble Company are such that, 
in the language of Burchenal: 

We would consider it a breach of faith if they (Crosfields) disclosed any 
information regarding the hydrogenation of fats, to the competitors of the Procter 
and Gamble Company. 

The only information, therefore, which we have about Kayser’s work in this 
country and his relations with Burchenal, is the oral testimony of officials of the 
plaintiff company and the rc[»rts of Kayser’s work which are in evidence; and 
the testimony of Kayser’s friend and only confidant, Clarence von Phul. 

After Kayser had completed his work in this country and had returned to 
Europe; after he had demonstrated his process, had produced his products, 
and had made his final contract; after he had been made a stockholder in the 
Procter and Gamble Company; and after Crosfield had in 1909 been paid a 
large sum of money for their rights in this country, D. R., 153-155, Kayser left 
this country in July of 1910. D. R., 116; Q818. After Kayser was thus out 
of the way, and had been placed under contract not to disclose anything he 
did in this country; then, and only then, did Burchenal, in November, 1910, 
file the application of the patent in suit and claim the semi-solid product of 
Kayser’s process as his (Burchcnal’s) invention. 

It will possibly be urged on behalf of plaintiff that the semi-solid products 
which Kayser made on March 5, 1908, of a melting jioint of 42 and 43° C., 
were not produced intentionally and were not considered to have any value. 
But such a contention is of no persuasive force, inasmuch as among the products 
which Kayser brought with him to this country and showed to Burchenal, was 
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one shown by Procter and Gamble’s own records as having a melting point of 
30.3° C., exhibited l)y him, with the others, as iiroducts produced by hi.s process, 
wliieh lie had rejirescnted as “ of the greatest possible importance.” In respect 
of the products of a melting point of 42 and ^3° C., produced by Kaysc on 
March 5, 1908, these products were produced by Kayscr and shown to Burchenal 
and Anderson, and Anderson's rejiort describing these products and their melting 
points was considered of such value that it was kept as one of the very few 
reports of the work which Kayser did. 

• 4 * 

PiiAiNTiFp’s Contention as to Prior Art Untenable 

1 . umuy. 

Dr. Baskerville contends that any product of a degree of hydrogenation short 
of substantial completion is not described or suggested in the prior art as having 
any utility whatsoever. T. R., page 7.'>8, Q190. He does not contend that the 
comi>letely hydrogenized products were not recognized as having utility. He 
assumes on the contrary that these [iroducts were for use in making soap or 
candles. T. H., page 750, Q182. It he concedes that oil technologists, or 
those skilled in the fat and oil industry, had sufficient information to employ 
the hydrogenated products in the manufacture of soap and candles by exercising 
the skill of their calling, he is illogical in not further conceding that in the 
e.xercise of that same skill they recognized the utility of the hydrogenated fats in 
the production of food products. 

But it cannot be of irajxirtance whether the investigators of the prior art 
actually described, or even knew of, all the uses to which their products could 
be put, for, as a matter of law, they are entitled to all the uses thereof whether 
they described or conceived of such use or not, as has uniformly been held by 
the courts. 

* « • 

It follows, as a conclusion of law, that Normann, Fokin, Bedford and Williams, 
Paal and Roth, Erdmann and Kayser, were entitled to use their respective 
products, in any of the various degrees of hydrogenation in which they might 
be produced, for any of the uses for which they were adapted, whether they 
described or conceived of all of such uses or not. 

And just as inventors are entitled to all the uses of their inventions whether 
they had conceived of or described such uses or not, so the public is entitled to 
all the usee of things which are public property. 

* * * 

It logically follows that Burchenal could not patent the old hydrogenized fats 
of the prior art, as food products, merely because he was the first to describe 
their use for that purpose; for, under the decisions above cited, the new use of 
and old thing does not make the thing itself patentable, even if such use had 
not been proposed before. And this would be true even if the old products 
were not known to be edible, or were even considered inedible. 

• • * 

The hydrogenized products of the prior art are, in fact, edible, and this is not 
denied, but conceded. 
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And yet Dr. Baakerville stakes the plaintiff's whole case upon the alleged di,s- 
covery 

that the partially hydrogenated oil itself could be used directly as a food. 
T. R., 757. 

II. Degree of Hydrogenation c/r Saturation. 

Dr. Baskervillc contends that the aim and object of the investigators of the 
prior art was complete saturation; that the idea of partial saturation seems to 
him to have been incidental; and that the stopping of the process to give a 
semi-solid product was not taught in the prior art. T. R., 758. Yet the pro- 
cesacB of Normann, Fokin, Paal and Roth and Kayser, were all of a gradual 
and progressive nature, and were so recognized and described; and, as a nece.B- 
sary step in carrying out such processes, all the various intermediate degrees of 
partial hydrogenation were obtained. Fokin, Paal and Roth and Kayser all 
point out how the reaction can be followed step by step, and Kayser specifically 
states that semi-solid products arc obtained if desired. Dr. Baskervillc cannot, 
in the face of these prior disclosures, be heard to deny that semi-solid and in¬ 
completely hydrogenized oils of different consisteneie,s were, in fact, produced and 
described. Apparently Dr. Baskervillc did not know that the product Kayser 
brought to this country and showed to Burchenal as the product of a process 
“ of the greatest possible importance ” was a semi-solid of melting point 39.3° 0. 
and iodine value 52.26, and he did not recall the teaching of the Kayser patents. 

• « • 

That it is an obvious thing to stop the hydrogenation half way, or at any 
other intermediate point, instead of carrying it to completion, and that anyone 
would naturally know, and as a matter of course did know, that this could be 
done, without knowledge of the patent in suit, and without invention, is indicated 
(in addition to Kayscr’s disclosures) by the following excerpt from the British 
patent to Paal No. 5188 of 1911, which counsel for plaintiff was the first to 
quote as interpretive of the prior art and which was published long prior to the 
grant of the patent in suit. 

The reduction process may also, of course, be carried on in such a 
manner that only partial reduction ensues. The.se partially reduced 
fats then exhibit a lowered melting point and a consistency resembling 
ointment. 

The degree of hydrogenation can be determined by ascertaining the 
iodine value. (Italics ours.) 

» • * 

An unprejudiced view of the hydrogenation of oils for food purposes is found 
in Bulletin 469 of the Dept, of Agriculture, entitled “ Fats and Their Economic 
Use in the Home ” by Holmes and Lang, Scientific Assistants, Office of Home 
Economies, published Dec. 15, 1916. This Government publication was first- 
quoted by Dr. Baskervillc as an authority, T. R., 746, and was introduced in 
evidence by the defendant as Exhibit P2. Defendant’s Ex. Book, pages 151- 
177. 

The following is found on pages 14 and 15. Ex. Book, pages 164-165. 

Hardened vegetable oils, technically known as hydrogenated oils, which 
have much the same consistency as lard or butter, have been put on the 
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market within recent years. They are commercial possibilities owing to 
the fact that as a result of a hmg series of laboratory experiments, processes 
have been discovered by which oils may be transformed into a product of 
any desired hardness by chemically adding hydrogen to them. This 
reaction takes place, for instance, when finely-divided nickel hydrogen 
and the oil to be hardened are intimately mixed under proper conditions. 
The nickel does not enter into the composition of the hardened fat, 
but is removed and used repeatedly in the preparation of other batches. 
The hardened oils are generally white in color, have no appreciable odor 
or taste, and are less likely to become rancid than the original oil. (Italics 
- ours.) 

Burchcnal made no “ laboratory experiments ” and “ discovered ” no “ proc- 

e. s.ses ” which resulted in such “ commercial possibilities.” Normann, Fokin, 
Bedford, Pnal and Roth made the experiments and discovered the processes, and 
published these to the world. Burchcnal has done nothing to “ advance the 
progress of science and of the useful arts ” that would entitle him to take away 
from these prior experimenters and discoverers the fruits of their labors, and 
from the public its birthright. Yet to permit his patent to stand would be to 
deny Normann and the other jirior investigators and patentees the right to put 
to the chief use of fats—that as food—their hydrogenated products, in the 
vnrious degrees of saturation which they describe. 

• • • 

III. Use of Hydrogenized Fats for Food. 

Dr. Baskerville argues that the teaching of the prior art repels rather than 
suggests the use of hydrogenized oil for culinary purposes. In support of his 
contention, he gives his rea-sons which may be briefly condensed and discussed 
as follows; 

1. He suggests, by inference, that the hydrogenized oils were to be used for 
candles and soaps. Q182, T. R., p. 750. Why he picked out these two products 
to the c.iclusion of food products is not apparent, because the prior art patents 
and publications describe specifically no special uses for the hydrogenized prod¬ 
ucts. It would have been as superfluous for the earlier patentees and investi- 
tigators of hydrogenized fats to suggest the common and ordinary uses of the 

f. 'sLs, as '* would have been for the originator of aniline by a new process to say 
it could be used for dyes, or of the originator of synthetic sugar to say that it 
could be used as a sweetening for food. And it is conceded by Dr. Baskerville, 
and by counsel for plaintiff, as it must be conceded, that the products of the 
prior art were in fact edible, whatever their degree of hydrogenation. T. R., 676. 

2. He says that Normann’s statement in his British patent No. 1515 of 1903 
that there were no secondary reactions in hydrogenation “ apart from the forma¬ 
tion of small quantities of nickel soap which may be easily removed by dilute 
mineral acids ” indicates that the product is something which is not to be 
regarded as suitable for food. 

Dr. Bacon has logically pointed out that Normann told how to remove those 
nickel soaps which might have prevented such use, thus indicating to any skilled 
chemist, in terms which a chemist would understand, that the product was 
edible. 
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3. Dr, Baskerville quoted PaaJ and Roth, who had discovered in the course 
of their physiological investigations that hydrogenation,changed an inedible or 
poisonous croton oil into an edible or non-poisonous t^low. To anybody but 
Dr. Baskerville, this would indicate that Paal and Roth, by their physiological 
investigations, of course knew that the usual food oils were edible when hydro¬ 
genized, and commented only on what was really a discovery, to wit, that poi¬ 
sonous croton oil became non-poisonous on hydrogenation. He quoted their 
statement that they studied the ■parlially and completely hydrogenized oil, ui'd 
their statement that cottonseed oil when hydrogenized gave a negative Hal- 
phen test. The several quotations Dr. Baskerville gave from Paal and Roth’s 
article show that they said they employed the tests “used in food chemistry." 
It seems to us that the significance of that statement has entirely escaped Dr. 
Baskerville as well as their statement that they studied the partially hydrogenized 
oil. 

• « • 

6. He summarizes his conclusions as follows: 

So it appears to me that Burchcnal really mode a seedless prune, as 
you may put it, or spineless cactus. He Burbanked the oils, as you might 
put it. And by his work he actually made two discoveries: first, that 
the hydrogenated oil could be put into a compound and used as a food; 
and, second, that the partially hydrogenized oil itself could be u.sod 
directly as a food, and thus he founded what is known as the hydro¬ 
genized food industry. (Italics ours.) 

• • « 

Burchenal says that neither he nor anyone on his behalf made any tests of 
hydrogenized oils for cooking or edible purposes before Flake White containing 
hydrogenized fat was put on the market and sold. On the contrary, Burchenal 
claims that he merely used his perceptive faculties, or, as he put it, arrived at a 
conclusion that Kayser’s hydrogenized oil was edible—by a process of “ cere¬ 
bration.” But even if one should have made some experiments to see whether 
the hydrogenized fats were edible, would that have required the exercise of the 
inventive faculty? Dr. Baskerville says, in effect, that it would have been the 
normal every day work of a food or oil chemist, for first he concedes that the 
greatest use of fats and oils of animal and vegetable origin is for foods, and then 
he concedes that if an oil or fat unknown to him had been presented to him, he 
would have used the expected skill of his calling and ascertained its technological 
uses by casting “ around to see the uses that fats' were put to.” T. R., 772; 
XQ282-286. Probably he would not have been so sapient as Burchenal claims 
to have been in arriving at a conclusion that hydrogenized fats were edible, 
merely by a process of cerebration, and would have eaten some of the fat or 
cooked with it, but that would have been only the ordinary use to which fate 
are put. Yet surely this cannot be considered an exercise of the inventive 
faculties. 

* * * 

Dr. Ba&erville would have cast about to see what use fats were put to. 
Can he. imagine that Nonnann, or Fokin, or Paal and Roth did not do that? 
Thgy were scientific men. They did not state the obvious. Paal and Roth 
atfy imced whst was not obvious, to wit, that poisonous croton oil was reiw 
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dered non-poLsonous; and if they had fliought that edible oils when hydro¬ 
genized were rendered inedible or poisonous, it is unf-hinkable that they would 
not have said so. 

It is apparent then that Dr. Baskcrville’s eonelusions are untenable. Bur- 
eiial’s Burbanked “ seedless prune ” and “ spineless cactus ” on closer inspec¬ 
tion are found after all to be only plants of the common garden variety. 

Dr. Baf<kerville paid his tribute to the wrong person. It was Normann who 
“ Burbanked the oils.” 

* * * 

From whatever aspect this case he viewed, when the discovery that mis and fats 
may be hydrogenized into solids or semi-solids [and thereby be mailed of in such 
form as lard substitutes) is considered, it is to Normann “ that the honor of this 
discovery belongs," It does not belong to this country or to Burchenal. 

Further Details of Early Hydrooenation Work at Procter & Gamble's 

Referenct! has already been made herein to the Kayser patents l,tX)4,035 and 
1,008,474, which were cited as references by the Examiner against the claims of 
the patent in suit, and which are admitted by Burchenal as part of the prior art. 

The defendant, under order of the Court, took the depositions of Burchenal, 
Anderson, MoCaw and Morrison, all officers of the plaintiff company, in refer¬ 
ence to the Kayser process of hydrogenizing oils. 

The following facts, bnefly herointiefore referred to, were developed: 

Edwin Cuno Kayser had for some years been in the employ of Crosfield & 
Sons, Ltd., an English firm, which with Dr. Normann, D. R., page 76, Qr)18, 
had been developing improved procedures in the hydrogenation of oils. On 
Octtjber 18th, 1907, Kayser wrote to the plaintiff, whose main business was 
then and is now the manufacture of soap, stating that he proposed visiting the 
United States for the purpose of introducing “o process of the greatest possible 
importance to soap manufacturers,” that he had manipulated the process for 
three years, and was “ the only person thoroughly acquainted therewith.” 

After a brief correspondence, Kayser arrived in this country in November, 
1907, and called on Burchenal, bringing with him samples of hydrogenized oils 
including hydrogenized cottonseed oil and hydrogenized maize (corn) oil and 
showed them to Burchenal. Burchenal had never before seen or heard of hydro- 
gduzed cil”. and was not even familiar with lard compounds. The samples 
brought by Kayser were “ very light in color, pale yellow or almost white.” 
After certain negotiations, a preliminary contract was made with Kayser on 
Dec. 5, 1907, and Kayser then told Burchenal that the samples referred to had 
been produced by hydrogenating cotton seed oil in the presence of a catalyst. 

Kayser was very secretive and mysterious and evidently disinclined to tell 
anything more than he had to. Burchenal says “ There was a good deal of 
mystery about Mr. Kayser.” There is, however, a written record giving a 
qualitative analysis of one of Kayser’s samples brought from Crosfield & Sons, 
showing that it was a semi-solid, with " an iodine value of 52.26 and a melting 
point of 39.3° C.;” so that the first hydrogenized oil which Burchenal ever saw 
was a “ white or yellowish semi-solid ” with a melting point within the range of 
36°-43°, the range which Burchenal specified, when he filed his application for 
the patent in suit, as the melting point range of his product and within the 
melting point range of 33 to 40° spedfied in the patent itself. 
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Biirchenal aaya now that Kayscr’s siimples were hard, but the report is clear 
as to the melting point, and is more to l>c relied on than Burchenal’s assertion 
or memory. 

Burehenal was forced —unwillingly it is true, to concede that those samples 
which Kayser had brought from England were edible. 

Q393. But was there anything inherent to this product which he 
brought with him, which rendered it inedible? 

A. Nothing, I should think, except the fact that the idea of edibility 
had not been associated with it. (Italics ours.) 

During December, 1907, and the early part of January, 1908, a small experi¬ 
mental plant was built under Kayser’s directions at the plaintiff’s factory, includ¬ 
ing a hydrogenating apparatus like that shown on sheet 1 of the drawings of 
the Kayser patent 1,004,035, and capable of hydrogenizing a batch of 20 pounds 
of oil. D. R., pages 160-165. The process and the apparatus were disclosed in 
detail to Burehenal and Anderson, and also the precise method of making tke 
niekcl-kieselguhr catalyst. On January 17th, 1908, Kayser alone hydrogenized 
refined summer yellow cotton-seed oil in his apparatus and produced hardened 
fats of melting points of 55.5” C. and 60.3” C. D. R., 122-123. Five days 
later on January 22, 1908, in the presence of Anderson, Kayser hydrogenized a 
second batch of the same oil, and during the month of January, 1908, there was 
prepared by Anderson, under Kayser’s directions, a complete description of the 
process of hydrogenation, which appears on pages 120 and 121 of the Dejx)- 
sition Record, and which contains the following: 

The process of saturation is very interesting. Hydrogen is circulated 
as taken up by the fat. . . . The affinity of the fat for the hydrogen is 
plainly evidenced in this operation. As the saturation nears completion, 
less gas is, of course, taken up by fat and an excess is circulated, which 
causes bubbling at end of the outlet tube. Completion of .saturation is 
indicated by comparison of volume of gas in and out of machine. When 
saturation is practically complete, the gas passes through without any 
apparent reduction in volume. The fat is drawn out of the machine—a 
black mass, on account of presence of catalyzer, and passes through filter 
press, the catalyzer filtering out very rapidly. The filtered fat is the fin¬ 
ished product. 

There were in addition three other written reports, dated respectively Feb. 6, 
1908, March 5, 1908, and May 7, 1908, all printed in the Deposition Record on 
page 124, showing work done by Kayser in the hydrogenation or treatment of 
oil. The first shows a mucture of hydrogenized oil and “ prime tallow ”j the 
second, two batches of serai-solid hydrogenized oil, one having a melting point 
of 42° C. and the other honing a mdtmg point of 43° C.; and the third showing 
the melting point of the fat acids of a large batch of hydrogenized oil sent to 
McCaw at Macon, Ga. (These fats of 42° and 43° C. melting point have been 
reproduced by Richter as Exhibits A' and A' and have already been discussed.) 

■ Anderson says that the cottonseed oils treated by Kayser were all “ refined 
oils,” Q74, D. R., page 167, and therefore edible. Burehenal and Anderson 
were in daily touch with the work Kayser was doing—but all the other om- 
f ployees of ,,the plaintiff were kept in ignorance. On this point Anderson testi- 
as follow (italics ours); 
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Q326. Who beBidcs Mr. Burchenal, Mr. Kayscr and yourself saw or 
became familiar with any of the prowssc-s or products (tarried on or pro¬ 
duced by Mr. JCayser during 1008 and 1909f A. Well, during 1908, no 
one but Mr. Burchcnal and myself. We occasionally gave Mr. Kayser 
a laborer to help him, but we cimngod the laborer every week. lie did 
all the work himself and no one came in contact with him but Mr. 
Burchenal and myself. 

Q327. How about 1909? A. 1909, after we started the plant, Mr. 
Leach was introduced into it. 

Q328. Since that time the process— A. And it has gradually broad¬ 
ened out siiice that time. In the first two years we would arrest anyone — 
anybody who was seen talking to KayseVy except ourselves. 

Q329. That same degree of secrecy has practically been preserved ever 
since? A. Oh, no; it has broadened quite a lot beyond that—quite a 
few people now know about it. 

Q330, Quite a few ]>eople know it, in order to carry on the process? 
A. In order to carry on the large volume of business, to take care of the 
increased work. 

Q33I. But the knowledge is confined to such people as you employ? 
A. Yes, 

Q332. The knowledge is confined to such people as you employ in 
making the hardened oil or substance? A. In the beginning our labora¬ 
tory peo])le did not know anything about it, a.s such. 

Q333. And you, uji tx) the present time, keep the knowledge from the 
public just as far as it is i>ossible to do so? A. Just as far as we know 
how. 

Anderson was asked whether the products produced by Kayser on March 5, 
1908, having melting jioints of 42'’ and 43® C. v>€rc edible as food products and 
he stated that they were. 

Q235. And would you also say that a product having a melting point 
of 12 degrees Centigrade and produced by circulating hydrogen gas through 
cotton-seed oil, in which nickelized kieselguhr is maintained in suspension by 
agitatora in the presence of hydrogen gas, under pres.sure, the oil l>cing 
heated to a temperature of 160 degrees Centigrade, would produce a com- 
mercial lard substitute? A. Yes. 

«***«*«• 

Q265. Is it your opinion that a product having a melting point of, say, 
for example, 42 degrees Centigrade, and produced by treating cotton¬ 
seed oil with hydrogen in the presence of an atmosphere of compressed 
hydrogen, and in the presence qf nickel deposited upon kieselguhr, and 
maintained in suspension in the oil by agitation, the oil being heated 
to a temperature of 155 degrees or 160 degrees Centigrade, and without 
being subjected to treatment to remove the characteristic taste and odor 
due to hydrogenation, would be cx)mmercially acceptable as a fat for use 
in frying, or as a fat for use in shortening dough? 

Mr. Allen: The que.'^tion i.s objected to as incompetent, indefinite and 
misleading; also as irrelevant and immaterial. 

A. Why, I would consider such a product entirely edible; but to be a 
commercial success, it would be preferable to subject the product to the 
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treatment to which lard and other cookinR fats are regularly subjected 
or usually subjected. 

Burchenal states that the proecas practiced by Kayser is the same process 
de.seribcd in Kayser’s patent 1,008,474, and is the same described in the patent 
in suit, aa follows: 

Q754. Referring now to Questions 264 and 265, is the process deseribed 
in the Kayser patent 1,008,474 materially different from the process 
practiced by Mr. Kayser in the early part of 1908? A. As I under¬ 
stand the patent, it is not materially different. 

Q755. That is, the process which is described by Mr. Kayser in this 
patent is not materially different from the process which he practiced in 
the early part of 1908 at the Procter & Gamble Company’s factory? A. 
Yes. 

Q756. Referring now to Question 334, is there any difference in the 
process of hydrogenation described in the j>atent in suit and the process 
which was carried out by Mr. Kayser in the early ])art of 1908? A. As 
I understand that paragraph, it does not refer to any special process, 
except where it says “preferably”; but preference w’as given to the 
process in a general w'ay as outlined in the Kayser patent. 

Q757. That is, so far as the process is described in the patent in suit, 
it is the same process which Mr. Kayser had carried on in the early part 
of 1908 in the hydrogenation of oils, and particularly cotton-seed oil? 
A. The process of hydrogenating, yes. 

Q758. And your knowledge of this process was gained from Mr. Kayser? 
A. Yes. 


# • • 

From January to May, 1908, Kayser made quite a large amount of hydro¬ 
genized refined cotton seed oil by hLs process and apparatus and in May of that 
year some 450 i>ounds thereof was sent by Mr. Procter to the McCaw Mfg. Co., 
at Macon, Georgia, to have it mode up into lard compound by substituting it 
for the usual oleo stearine. At that time the McCaw concern, of which W. E. 
McCaw was president, was, and for a long period thereto had been, manufac- 
uring a lard substitute, consisting of cotton seed oil which was hardened to lard 
insistency by the addition of a hard fat,—oleo stearine. This material was 
known under McCaw’s brand of “ Flake White.” McCaw at that time, had 
never met Burchenal, but was slightly acquainted with Procter. D. R., page 
302, Q313. It seems, according to McCaw’s story that in February or March, 
1908, Procter called at McCaw’s New York office, showed him a sample of oil 
which had been hydrogenized by Kayser, and in effect asked him if he would 
substitute the hydrogenized oil for oleo-stearine in making up some lard sub-' 
stitute. McCaw, now largely interested in the Procter & Gamble Company, 
says that, at, the time he said he thought the material would be unsuitable; 
but naturally his recollection on this point would tend to be influenced by his 
interests. But Procter has not “ the slightest remembrance ” of what he s&id to 
McCbw, %nd could not “ relate the circumstances ” of the meeting with McCaw. 
D. R., ..page 213, Qs. 30-35. He gave no hint or instructions to McCaw as to 
wbjat McCaw should do—how to mix the hydrogenized fat and cotton seed oil 
.proportione—but left the whole matter to McCaw. Burchenal had no 
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hand in the matter whatever, and it doea not even appear that he claims to have 
asked or suggested to Procter to see McCaw, or to have McCaw make any 
compound. 

Subsequently, in May, 1908, as previously stated, 450 pounds of Kayser’s 
hydrogenized oil was sent to McCaw who substituted it for oleo-stearine in 
the production of a lard substitute, and produced 3,000 pounds of such lard 
substitute, in three batches of 1,000 pounds each. The batches varied some¬ 
what in the proportions of the hydrogenized fat to the liquid cotton seed oil, 
one batch containing 10% of the fat, another 12% and a third 14%. 

Q277. You were left to your own resources in making up the mixture? 

A. Oh, absolutely, at that time. McCaw, D. R., page 295. 

McCaw testified that he followed the usual method of mixing the fat with 
the cotton seed oil according to the titer of the former, first melting the fat, 
and, after blending it with the oil, subjecting the mixture to the usual deodor¬ 
izing, refrigerating and aerating treatments to which Flake White had long been 
subjected. McCaw was evidently proud of his reputation as a lard substitute 
manufacturer, and of his h'lake White, and did not care to put out a lard 8ul> 
stituto which was, according (.o his notions, not as good as Flake White. He was, 
he says, not satisfied with these three batches made in May, 1908, because he 
regarded them as “ unmerchantable,” the texture was “ grainy, lumpy ” and it 
was " entirely too dark.” On being questioned, he refused to state how the 
batches were deodorized, as this process was and is “ a secret one ” which they 
still guard “ jealously.” He says the material then made was sold in bulk to 
some soap-makers—whose names he does not remember. McCaw said he cooked 
some biscuits with the compound and fried potatoes, but that they were unsatis¬ 
factory. Burchenal at one time said that the McCaw experiment was a “ failure,” 
and that the material appeared “ stringy ” but he was " not a judge of the 
material, noi hmiing had any experience (italics ours). Compare these statements 
of McCaw and Burchenal’s, however, with this further statement of Burchenal in 
contradiction (italics ours). 

Q1025. Referring now to the sample of the mixture that Mr. McCaw 
made, using the hydrogenized cotton-seed oil which was sent him in the 
■ .rly part of May, 1908, which sample you said you thought you saw,— 
was that sample edible? A. I preetime U v>as. 

Q1026. That is, you regarded it as an edible fat product? 

Above question is objected to as incompetent and irrelevant. 

A. 1 do not recall any tests being made on it; I merely presume that 
it was. 

Q1027. So far as the edibility of it was concerned, however, you were 
satisfied that it was edible? 

Above question is objected to as incompetent and irrelevant. 

A. There was no question raised in my mind as to its being edible. 

Q1028. I show you a certified copy of the Declaration of Interference 
dated January 3, 1913, in the matter of the Interference of Ellis vs. 
Boyce vs. Burchenal, No. 35,642 in which your application Serial No. 
591,721, which subsequently eventuated into Letters Patent No. 1,135,935, 
was involved, and in which it appeared that the issues were as follows; 
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Count 1: 

An edible oil product comprising hydrogenated cotton-seed oil and 
edible oily material blending therewith. 

Count 2: 

An edible oil product of lard-like consistency comprising edible hydro¬ 
genated oil and edible oily material blending therewith. 

I also show you a certified copy of the preliminary Statement of John 
J. Burchenal, dated February 15, 1913, filed in that Interference, in which 
you state that the. food product set forth in the Declaration of Inter¬ 
ference “ was made up in the latter part of May, 1908, and tested at 
Macon, Georgia.” Was that material of which a sample was sent you 
by Mr. McCaw, the product to which you referred in that Preliminary 
Statement? A. I presume it was. 

Q1029. Then at the time of swearing to that Preliminary Statement, 
you regarded the material which had been made by Mr. McCaw at 
Macxm, Georgia, using the hydrogenated oil which was sent him in the 
early part of May, 1908, as an edible product of lard-like consistency, 
comprising edible hydrogenated oil and edible oily material blending 
therewith, did you? A. 1 think so. 

Q1030. Well that is the fact, is it not? A. The fact was that 1 thought 
so. 

Q1031. Do you still think so? A. I still think so. 

Note. That the hydrogenized cottonseed oil referred to was produced by 
Kaysor, with Kayser’s jrrocess and by Kayser’s machine, on Kayser’s own initia¬ 
tive, and was edible, and that Burchenal makes no claim of having caused it to 
be sent to McCaw. It may well he that Mr. Kayser suggested that this he done. 

Kayser continue.d to produce his hydrogenized product, and, in August, 1908, 
a second batch of 1,000 pounds thereof was sent to McCaw at Macon, and 
10,000 poumls of compound was made, by mixing the hardened fat with cotton 
seed oil, about the first of September. McCaw made some changes in the speed 
of the refrigerating rolls, and the speed of the picker shaft in the aerating appa¬ 
ratus, and while the comixjund was improved in appearance over that made in 
May he still regarded it as “ not merchantable.” But the hydrogenized fat was 
substantially the same as that which had previously been sent him, and both 
were edible, for Burchenal testified (italics ours): 

Q1060. Now, at the time you sent, or Mr. Procter or the Procter & 
Gamble Company sent that first batch of hardened cottonseed oil to 
Mr. McCaw, had you made up your mind that hydrogenized oil produced 
by Kayser was an edible oilf 

A. 1 had. 

* * * 

“ Q992. ***A. ***Asa matter of fact at the time, March 

6, 1908, Mr. Kayser’s real interest was centered in the production of a 
catalyst. He had no question about beVng able to make a hard fat when his 
_; catalyzer was right. 
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Q993. And he knew lhal he could make a fal of any coneislency he 
wanted, if his catalyst was right? 

A. I suppose 80 . 

• • • 

During the fall and winter of 1908 and 1909, Procter & Gamble Co. erected 
a large plant for the hydrogenation of oils—reproducing on a large scale the small 
plant which Kayser made in Decemlier, 1907, and January, 1908. This plant 
was started in operation February 15, 1909. 

Anderson and Kayser were at work on the large plant for about six months, 
and, as Anderson says, it was “ the equivalent of the first plant on an enlarged 
■scale,” and in March, 1909, a carload lot of the Kayser hardened cottonseed oil 
was shipped to the McCaw plant in Macon. This hardened cottonseed oil 
shipped in March, 1909, Burchenal says was no different from that made by 
Kayser and shipped to McCaw in May, 1908: 

• ♦ • 

In the meantime Procter & Gamble Company had purchased in January, 1909, 
the McCaw Manufacturing Company, and had secured the services of McCaw. 
The carload of hardened fat was made into lard compound by McCaw, by mixing 
it with cott.onsee,d oil and oleo stearine, substituting the hardened fat for a por¬ 
tion of the oleo stearine. This compound, McCaw did not consider as good as 
his regular Flake White, as he was “ uneasy about the quality ” but it was 
placed on the market and sold under the brand “ Flake White.” 

« « • 

The oleo stearin was entirely left out of Flake White in 1912, but no one 
ever knew of the difference between the original Flake White, consisting of 
cottonseed oil and oleo stearin, that consisting of cottonseed oil, oleo stearin 
and hydrogenized fat, and that finally consisting of cottonseed oil and hydro¬ 
genized fat. 

• • • 

In Burchenal's long examination, he was given over and over again an invi¬ 
tation to say what he did, what he contributed to Kayser’s product, and the 
most that he could say was, and that is apparently his whole case—that he 
made u(- his mind that it was edible. Not as a result of food experiments, or 
cooking experiments, hut only that he thought it might be edible. He does not 
say he sent the material to McCaw or suggested its being sent. It was Kayser’s 
product, and it was Procter who saw McCaw and sent the product to him. 

• • • 

We tried to get Kayser to tell his story, but he was in a German detention 
camp in England, and refused to talk (Barrows’ testimony). But Kayser’s 
friend, Clarence Von Phul, with whom Kayser boarded in Cincinnati from 
November, 1907 to March, 1908, testified that Kayser knew his products were 
edible, as follows (italics ours): 

* * * 

Q13. Did you know where Mr. Kayser was employed at that time? 

A. Procter & Gamble Company, at Cincinnati. 
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Q14. What work was he doing, if you know? 

A. He was getting up a patent for a food product, he so informed me. 

* • * 

Q17. Just what did he tell you about this matter? 

A. He said that he was producing a food product from cottonseed oil by 
a chemical action. 

* * * 

Von Phul was sufficiently in Kayser’s confidence that Kayser had him make 
the sketches or drawings which were used by the patent solicitor in preparing 
the drawings for Kayaer’s patent No. 1,004,035, which was applied for March 20, 
1908. 

Von Phul said that the sample Kayser showed him “ looked like tallow ” 
but Kayser said it was a food product. 

« « « 

Kayser had no confidants except Von Phul, no one else knew about his process 
and his products except Burchenal, his right-hand man Anderson, and Procter, 
who seems to have a poor memory. The whole thing was kept a secret by the 
Procter & Gamble Company, who “ would have arrested any one seen talking with 
Kayser,” and the secrecy is maintained to this day. But enough has been drawn 
out of those men, after Judge Hollister issued an order to compel them to answer, 
to show that if any .credit is due to any one at Procter & Gamble Company's 
factory, for the production of food products by the hydrogenation of cotton-seed 
oil, it is due to Kayser, who brought the process and products from Crosfields' in 
England. Procter & Gamble had to square the matter with Crosfields’ later on, 
but, as Kipling says, " that is another story.” 

Kayser returned to England in July, 1910, and when he was out of the coun¬ 
try Burchenal filed the application for the patent in suit. 

* * * 

In any event this defendant has proved that Burchenal made no inventive 
act, and made no invention or discovery whatsoever. Burchenal does not inti¬ 
mate that he suggested any after treatment for the hydrogenized product, or 
the use of a refined oil, or even its use in the manufacture of a cooking fat, or 
that he made any tests in cooking or otherwise. He knew nothing about the 
subject except what Kayser told him. 


“ LABsy-UKB ” Fats 

The plaintiff may contend that Kayser’s semi-solid product is not “ lard-like.” 

If “ lard-like ” has any special significance in the Burchenal patent it infers a 
product which is low in linolin and high in olein, and with not over 25% saturated 
fats. 

Burchenal, in his testimony, however, thus variously defines " lard-like ” (italics 
ours): 

Q486. How did you know whether or not they (partially hydrogenized 
products) were lard-like, without testing? 

A. From appearance. 


• • • 
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Q488. What is the physical appearance of lard? 

A. Well, it is a material that is, according to my views of lard, in a general 
way, it is something that is soft to the feeling, at a normal temperature, 
has a translucent whitish appearance, it is not hard or brittle and it has 
a certain kind of plasticity to it. It is not granular, but lends itself to mould¬ 
ing. I suppose you might say it is homogeneous. It is of peculiar quality, 
I suppose; it is the one that of all the natural fats has made it adaptable for 
domestic purposes in cooking. 

Q489. How does that description which you have given differ from the 
lard compound? 

A. Lard compound is quite different in appearance. Lard compound is 
softer than lard itself; the fata have not the same characteristic; lard com¬ 
pound is not of translucent appearance; it has a foamier look to it; it has 
not the .same consistency. I don’t think anybody that is familiar with both 
of them would confuse one with the other. 

• * • 

Bdhchenal Made No Contbibdtion to the Abt 

He was not versed in the manufacture of lard substitutes, for, as he says, 
“ I was not altogether familiar with the manufacture of compound.” 

He knew nothing about the hydrogenation of oils except what he learned from 
Kayser. He never saw hydrogenized products until Kayser showed them to him. 
So far as the Record shows, he has never himself hydrogenized any oil or directed 
or supervised the hydrogenation by others. 

He was not, so far as the Record shows, a scientist, a chemist, or even one 
“ skilled in the art ” of making food products. Up to March, 1909, the Proc¬ 
ter <fe Gamble Company made soap, not food products. 

Burchcnal admits that 

(1) He does not know the " saponification value ” of cottonseed oil. 

(2) He does not know whether hydrogenization changes the saponification 
value of cottonseed oil. 

(3) He does not know the temperatures to which the refrigerating rolls for 
the product must be chilled, but he thinks the temperature of the rolls is an 
important feature in making the product “ lard-like.” 

(4) He does not know what effect a variation in the pressure during hydro¬ 
genation may have upon the product. 

(5) He does not know what effect a variation in the temperature during hydro¬ 
genation may have upon the resultant product. 

(61 He does not know what effect a variation in the proportion of catalyst to 
oil, during the hydrogenation, may have upon the resultant product. 

(7) He does not know what effect a variation in agitation during hydrogena¬ 
tion of oil may have on the resultant product. 

(8) He does not know the proport.ion8 of hardened or hydrogenized fat to oil, 
as they were mixed by McCaw in 1908; he didn’t see the mixing; he does not 
know what was done with the material made by McCaw; he does not know 
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whether the hydrogenated fat sent McCaw was deodorized or whether McCaw 
deodorized the compound made therefrom; and he does not know what tests 
McCaw made. 

(9) He does not recall (and this after long fencing on his part) whether he 
knew the proportions of the component glycerides of the product described in 
the patent in smt, before he filed the application for the patent in suit. 

Q828. Under date of November 20, 1912, the composition of the par¬ 
tially hydrogenized oil obtained by analysis of the product prepared in 
the manner described in the specification of the patent in suit was stated 
to be os set forth in lines 10 to 18, inclusive, page 2, of your Letters 
Patent in suit. Did you make the analysis? 

A. I didn’t. 

Q829. Did you see the analysis made? 

A. No. 

Q830. Or check them? 

A. No. 

Q831. Do you know who made them? 

A. No. 

(10) He does not know who made the “ re-determinations of the melting point 
and titer corresponding to the iodine value of 5,5 and 80 in partially hydro¬ 
genized cottonseed oil” given in the affidavit of Feb. 17th, 1915, which was his 
affidavit required by the Examiner before allowing the patent in suit but sup¬ 
poses “ that things wore based on our determinations at Ivorydale,” but he did 
not make them and does not know who did. 

(11) Burchenal further admits on examination that he does not know at 
what melting point the product of his patent in suit would cease to be “ lard¬ 
like,” or whether the product having an iodine value of 55 would be a semi- 
solid at ordinary temperatures. 

(12) Again he does not know what is necessary to produce his alleged prod¬ 
uct. (Italics ours.) 

Q856. In the production of a partially hydrogenized cottonseed oil 
what factors are necessary to insure in the product a high olein content 
and a low linolin content? 

A. I can't tell you, 

Q857. You mean that you don’t know? 

A. I don’t know. 

Q858. And never did knowt 

A. Never did know. 

(13) Burehenal admits that he does not recall giving instructions to McCaw 
as to the products McCaw made in 1908. He does not recall making or super¬ 
vising any cooking tests with hydrogenized oils, until after Flake White, containing 
hydrogenized oil was put on the market following February 15, 1909. 

Note. —The hydrogenized fat was placed on the market before any cooking 
tests with them were made by Burchenal, who was ignorant of McCaw’s tests. 
And there lyas no material difference between that hydrogenized fat and the fats 
which had been brought to this country by Kayser, and which were made here, 
in January, 1908, by Kayser. 
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(14) Burchonal likewise admits that he does not know whether animal oleo- 
Btearin is edible—he presumes it ia but is not certain. 

(15) He says he does not think any animal or vegetable fatty acid or gly¬ 
cerides of any animal or vegetable fatty acids when hydrogenized, are suitable 
for use as food products, Q1005, D. R., p, 248, and denies that a food com- 
IX)und closely simulating lard can l>e made by a mixture of any oil and a harden¬ 
ing agent produced by hydrogenating any oil or liquid fat. 

(10) He docs not know whether the iodine value of a product is one of its 
physical conBiant.s. 

(17) And he never effected the st^paration of the liquid fatty acids of any 
cottonseed oil treated by hydrogen. 

(18) He was asked when he first produced a homogeneous lard-like food 
product consisting of an incotnplctely hydrogenizert oil. 

Why I had done a good deal of experimental work on the material; 
1 think 1 am safe in saying that the date on which that material was first 
])rodu(H.ed in any a])preciable quantities was after April 2G, 1910, and in all 
probability, prior to July 1, 1910. 

* « * 

(But Kayser had already disclosed to Burchenal semi-solid products of hydro¬ 
genated cotton seed oil—those he brought from England, and those made by 
him March 5, 1908, which had melting points of 42® C. and 43® C.) 

(20) B\ir(;hepal was asked what experiments he made with a mixture of the 
hard Kayser product and cotton seed oil, if any, and this is how he testified: 

Q895. Now, when the first experiments were made with hardened 
cottonseed oil, by compounding it with other cottonseed oil, what did you 
do to the ])roduct, other than mixing the ingredients together? A. I 
don't recall that we did anything beyond the mixing of the oiL 

* * * 

The fact is that really Burchenal had nothing to do with any experimentation 
involving hydrogenization that was going on, in spite of vague references to 
the “ experiments ” we ” made. 

Morrison let the real truth slip out. He was asked: 

Q,169. Who was actually doing the experimentation in hydrogenizing oils 
in the laboratory? 

A. Ai what period? 

Q170. Prior to Nov, 10, 1919? 

A. Mr. Kayser up to the time he left in 1910, and after that Mr. Graff 
with the assistance of l>oys who were employed in the laboratory. 

Kayser left this country in July, 1910. 

(21) Burchenal introduced the new matter regarding the proportions of com¬ 
ponent glycerides in his application for patent on November 20, 1912. He 
admitted that he had not ascertained these proportions by his own work but 
through the work of others, but he didn’t know how they were ascertained, or 
who found them out, or when he got the information. 

Morrison says he doesn’t know who made the determinations, QsSfi-SS, D. R., 
pp. 326, 327, from which the percentages of component glycerides were figured, 
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but that he himself made the figures, that they were made from some memo¬ 
randa which he has lost, and he would or could not say positively that the pro¬ 
portions or percentages were worked out prior to the filing of the application 
for the patent in suit. 

But it was Kayser who was “doing the experimentation in hydrogenising oils 
in the laboratory.” 

If anything is clear, it is that while Burehenal talks vaguely of “ experi¬ 
ments,” which “ we ” made, he really never did anything that can be placed 
to his credit, or which shows any inventive act or deed on his part. His gen¬ 
eral ignorance on the subject is manifest. His admissions demonstrate lack of 
originality. One will search the record in vain to find any evidence entitling 
him to be ranked as an inventor. It is only to inmiiors that valid letters patent 
can be granted under the statutes. Kayser, so far as Burehenal was concerned, 
was the source of all of his information. Kayser disclosed to him the process, 
the apparatus, the edible product, and Kayser carried on exclusively the ex¬ 
perimentation in hydrogenation without any suggestion from Burehenal. Sup¬ 
pose there were a direct contest between Kayser and Burehenal as to the inven¬ 
torship of the white or yellowish semi-solid produced by the partial hydrogena¬ 
tion of cottonseed oil—could there be any doubt as to the outcome? The very 
first product which Kayser showed Burehenal was such a product and Burehenal 
admits it was edible. Would any Court give priority of invention to Burehenal? 
If priority could not be awarded Burehenal in that case he certainly cannot be 
held to be the inventor of that same product in the case at bar. 

The record clearly shows that Burehenal has no standing as an inventor and 
consequently the patent issued to him is void. 

• > • 

In a discussion of the file wrapper and contents of the patent in suit, the 
following statements appear in defendant’s brief: 

What instantly strikes one familiar with the Kayser patents, and the processes 
therein described, and the solid and semi-solid hydrogenized cottonseed oils 
produced by Kay.ser, is that the Burehenal specification as filed described only 
what Kayser had disclosed to him. The sample of hydrogenized oil which 
Kayser brought from Crosfield & Sons had a melting point of 39.3° C. and an 
iodin value of 52.26, a little less than 55 which Burehenal mentioned as the lower 
limit in his original specification. One is also struck with the fact that the preferred 
melting point at the semi-solid product originally described by Burehenal, is the 
melting point of one of the two products produced by Kayser on March 6, 1908, 
the other Kayser product having a melting point of 43° C. which was the upper 
limit of the melting point range originally given by Burehenal. 

On November 26, 1910, before the case was acted on by the examiner, the 
following claim was added to those on file. 

3. A semi-eolid hydrogenized oil. 

On the 13th of December, 1910, the claims were rejected by Examiner Ely 
on U. S. patent to Schwoerer No. 902,177, the Herforder (Normann) German 
patent No. 141,029 and the Erdmann German patent No. 211,669. In explana¬ 
tion Examiner Ely said in part: 

The composition of lard and of cotton seed oil as to the glycerine olein 
and stearin that they contain is well known. To make a product from' 
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cottonseed oil that shall simulate lard, the content of stearin should be 
increased. 

After citing the patents referred to, Examiner Ely further said: 

It is thought therefore that if the problem of simulating lard from 
cottonseed oil were presented to an oil chemist, an incomplete hydro¬ 
genation of the cotton seed oil would at once suggest itself to him as a 
solution of the problem. All the claims are accordingly rejected on the 
above ground of lack of invention.” 

Burchenal waited until the last moment of the statutory period of one year 
allowed for the filing of an amendment to save the case from abandonment, 
and on December 13, 1911, filed an amendment cancelling claim 3. 

By the cancellation of this claim he admitted that semi-solid hydrogenized 
products were old in the prior art. The prior patents to Normann and Erdmann 
had disclosed semi-solid products produced by the partial hydrogenation of both 
animal and vegetable oils. 

The argument filed as a part of the amendment said in part: 

Applicant does not allege that his product is identical with lard, for it 
may be and probably is impossible to artificially reproduce lard. . . . 
Applicant appears to be the first to determine and set forth the advan¬ 
tages and properties of a fractionally-hydrogenized product, and fits claims 
do not even cover such product broadly but are limited to a product having a 
definite degree of partial hydrogenation, giving it definite physical and chemical 
characteristics specified in the claims. (Italics ours.) 

(At this time Burchenal’s claim 1 specified a range of 36'-43° C. in melting 
point, and claim 2 recited specifically a melting point of 40° to 21° C., in addi¬ 
tion to the iodin value range of 55-80, etc. So Burchenal had conceded that a 
food product consisting of partially hydrogenized oil having melting points 
above or below the melting point range given by him and having iodin values 
below or above those recited by him, were not of his invention.) 

On De.omber 29, 1911, the Examiner a second time rejected the claims, citing 
the Kayser patents 1,004^)35 and 1,008,474, and pointing out that Kayser 
described hydrogenizing cottonseed oil, and that Kayser’s process could be 
arrested at any time during its progress to produce an incompletely hydrogenized 
article. F" pointed out the fact that 

the physical constants given as to the product in claim 2 are not seen to define 
anything critical or decisive. (Italics ours.) 

and rejected the claims as defining nothing patentable over the disclosures in 
the Kayser patents. 

(The Examiner was thus directing special attention to the following statements 
in the two Kayser patents.) (Italics ours.): 

The time of treatment will vary with the progress realized and with 
the degree of saturation aimed at. Patent 1,004,036. 

• • * 

Again Burchenal let the matter lie dormant for ten months and, on November 
20, 1912, more than two years after he filed his application, filed an amendment 
in which he presented the new matter containing the specific reference to the 
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particular percentages of the component glyccrids supposed to identify his 
product. Defendant’s Exhibit Book, page 14. In the meantime Oarleton Ellis 
had been granted a patent, No. 1,038,545, for a butter substitute by an Exam¬ 
iner in another division (No. (>) of the Patent Office separate from that in which 
Burchenals application was pending. In this patent, Ellis jx)inted out the 
desirability of having his butter substitute melt at a temperature below the 
heat of the human body. 

In the. amendment, dated Novcmlicr 2(), 11)12, Exhibit Book, page 14, Bur- 
ehenal presented present claims 5 to 7, inclusive, directed to the specific com¬ 
position of his product, changed the numerals of his original claims 1 and 2 to 
3 and 4, respectively, and ])rescntcd two new claims copied from this Ellis 
patent. Not Jot a Uird suhntilule, but for a biUier substitute, as follows: 

1. A hiUtcr4ike composition comprising edible hydrogenized fatty oil. 

2. A biiffer4ike compo.sition comprising edible hydrogenized vegetable 
oil. 

In order to lay a basis for these claims in the new matter presented by 
amendment, t here m\s included the phrase, “ but beloiv the heal of the blood ” 
after the word “temperatures” in line 74, page 1, and line 20, page 2, of the 
printed copy of the j)atent. 

By this same amendment he changed the preferred melting point of 4r-42® C. 
in his original claim 2 to 36M3® 0. 

Burchenal’s application was transferred to Division 6 to Examiner Lowers, 
who had permitted the Ellis patont to issue, and on Deecmber 0, 1912, 
Examiner Lewers wrote Burchenal that there was no basis in his appli¬ 
cation for the new claims 1 and 2 for a butter substitute. Ho ywinted out 
that a butter substitute must have “ a melting point consideral)Jy less than 
the temperature of the human body ” so that it will melt in the mouth, whereas 
the minimum melting point stated originally by Burchenal was 35“ C. (or 97° 1*’.) 
was not “ considerably below ” Ixxiy temperature, and the preferred melting 
point 41°-42° (105.8°-107.6° F.) “are much above the normal human body tem¬ 
perature.” The Examiner accordingly rejected the new claims 1 and 2 both as 
“ covering new matter ” and because the product originally dascribed by Burch¬ 
enal was not butter-Uke. 

Touching the new claims 5, 6 and 7 in which the proportions of component 
glycerids were recited, and the amendment to the specification setting them forth, 
the Examiner said: 

The composition was not originally given and the Examiner has no 
meam of determining tliat the compound having the properties set forth in 
the last paragraph of page, 1, and the first paragraph of page 2 (to wit, one 
having a melting point ranging from 36° C. to 43° C. preferably 41°-42° 
C.” ... a saponification value of about 195, an iodin value ranging from 
about 55 to 80, and a titer of from about 35.5° C. to 42.5° C.”) woul/l 
necessarily have the composition set forth in the amendment. The only 
ground upon which the statement of the composition can now be inserted 
is that the compound having the properties as set forth in the case as filed 
mus^ have the composition alleged, and proof of this in the form of a proper 
‘affidavit must be filed. (Italics ours.) 
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The Examiner again rejected original claims 1 and 2 on the Kayser patent, 
calling attention to line 15, page 1, and lines 95 to 102, page 2, of said patent. 
These lines have been quoted on pages 142-14.3 of this brief. 

On January 10, 1913, Exhibit Book, page 21, Burchenal amended his new 
claims 1 and 2 by changing huller4ike to “ lard-like,” and inserting the word 
laril-like in claims 3 and 4 (original claims 1 and 2). He accepted the Kayser 
patents a.s ])rior art. How could he help it, as we now know what Kayser had 
disclosed to him, and Burchenal has now admitted and conceded on the wit¬ 
ness stand. 

He said in the “ Remarks ” accompanying the amendment: 

The product nriijinally described, lunriruj the melting point titer and 
iodine mhu: specified in original claim 2 has the chemical composition set 
forth in claims 5, b, 7. 

He urged that the product of claims 3 and 4 (original 1 and 2) was not antici¬ 
pated hocause Kayser had not s[)ecifically described: 

a lard-like food product, a semi-solid having a melting point ranging from 
36° C. to 43° C. 

Of course, the Examiner did not know that Kayser had produced products 
of melting points of 42°, 43° 0. and did not know anything about Kayser's 
■samples brought from Orosficld.s; so on February 15, 1913, he wrote a letter 
.stating that when the supplemental oath was filed the case would be allowed. 

March 17, 1913. Note Burchcnal’s next move. In claim 3, original claim 1, 
he cancelled the reference to the melting point range of 30°-43° C. and substi¬ 
tuted a reference to the “ iodin value ranging from 55 to 80.” He said in his 
“ remarks:" 

these products have no sharp or definite melting point, and in view of 
the variety of melting point methods einjiloyed by chemists and the dif¬ 
ferent values obtained thereby claim 3 has been amended to specify the 
range of iodin values of applicant’s products rather tlian their melting- 
point range. 

Thus he changed the specification in a way the examiner had refused to per¬ 
mit him to do—to insert a melting point temperature “ considerably lower ” 
than body temperature. He filed also an affidavit that the subject matter pre¬ 
sented in liis amendment filed November 20, 1912, had been invented before he 
filed his application, but this affidavit was in support also of the claims for a 
“ butter-like ]yrodsicl. 

On May 27, 1913, the examiner suspended further action on the merits, since 
the companion application (which eventually resulted in patent 1,135,935) was 
involved in an interference with an issue (see claims 3 and 4 of said patent) 
over which the then claims 1 and 2 of the application of the patent in suit 
were “ not patentable.” 

The case was then suspended until January 22, 1915, and on that date the 
examiner called attention to the fact that Burchenal had not yet filed the affi¬ 
davit which the examiner had required on December 6, 1912, that the product 
as originally filed must have the chemical conqmsition recited in claims 5, 6 and 
7. He required the reference to the product as “ congealing below the heat of 
the blood ” to be stricken from the specification as amended. 
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There was, at this time, still in the specification, the original statement of the 
melting point range of 36°-43“, preferably 41 “-42° C.; so Burchenal amended 
his case on March 8, 1915, by cutting out of the original specification the 
reference thereto. 

« * « 

Burchenal also cancelled from the specification the reference to his product 
congealing below blood temperature. 

Up to this time, there had remained in the original specification a paragraph 
to the effect that the product could be produced by mixing “unhydrogenized oil 
and a hard hydrogenized product having a melting point of 50“ C.” On this date, 
March 5, 1915, Burchenal cancelled this paragraph, cancelled his claims 1 to 4 
(including the original claims and the first and second claims presented November 
20, 1912), and presented the present claims 1 to 4 as they now appear in the 
patent. 

Now, when the case was originally filed the only directions given to produce 
the “ white or yellowish semi-solid ’’ were to stop the reaction when the product 
on cooling had a melting point of 36° to 43“ G.—preferably 41 “-42“ C., and 
these products were said to have an iodine range of 55 to 80. Burchenal had 
not said to “ stop the reaction when the product has an iodine value of 55 to 80,” 
but that a product having those melting points would have that range of iodine 
values, and he had persuaded the examiner to allow his claims because Kayser’s 
patent hod not specifically recited these melting points in referring to his “ semi- 
solid.” 

Yet Burchenal in his amendment lowered the titer .5“ C. and changed his 
specification in respect of the melting points, and reduced the whole range of 
36“-43“ C. to 33“-40“ C.; that is, he hod lowered it 3“ C. (5.4“ F.) so ns to 
bring the range down to as low as 33° C. (or 91.4“ F. instead of 97“ F.), which 
is very much below blood heat, and thus he did the very thing which the exam¬ 
iner had said he would not be permitted to do. 

He said in his " remarks ” (italics ours); 

Appheant's affidavit filed herewith, conforms to the requirements of 
the examiner. It also embodies a more accurate redetermination of the 
melting point and liter or products prepared from cottonseed oil and having 
the described range of iodine value. While the new figures do ru>t differ 
substantially from those originally given, it is thought desirable to substitute 
them. 

• • • 

The history of the prosecution of the Burchenal application as shown by the 
file wrapper and contents of the patent in suit is a strange one. The case had 
been transferred from the division of the Patent Office headed by Dr. Ely to 
Division 6 headed by Mr. Lewers. Most vital changes were made in the speci¬ 
fication and claims—and finally without a supporting or supplemental oaffe, 
the patent containing these changes and the new claims in suit, was permitted 
to issue. 

These claims were drawn after the defendant’s product was on the markets 

From a consideration of the file wrapper and contents, one thing is certain; 
—Burchenal insisted that his product bad and must have 20-25% stearin, 
65-75% olein and 6-10% linolin. 


* • » 
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Another thing ia certain. Burchenal changed the description of bis process 
which originally told one attempting to produce the product to stop the reac¬ 
tion when the semi-solid product on cooling, had a melting point of 36°-43° C., 
preferably 41°-42° C., so that as amended and issued the patent contains a 
wholly inconclusive and ambiguous statement to the effect that the operation is 
stopped when the oil has been converted into a product which cools to a white 
or yellowish “ serni-solid more closely resembling lard than do the commercial mix¬ 
tures of cottonseed oil and animal oleo stearin ..." (lines 89-94, page 1 of the 
printed patent). 

He thereby renders his patent vague and uncertain in its description how to 
make or compound the product and leaves one to experiment. 

.Still another thing is certain. Burchenal lowered the melting point range of 
his alleged new product 5.4° F. and the titer range .6° C. and thus departed 
from his original disclosure, without a supplemental oath. 

Patents in which new matter ia thus inserted without a supplemental oath, 
have uniformly been held to be invahd. 

• * • 

Wc confidently assert that the proceeding in the Patent Office prior to the 
issuance of the patent in suit, were such 

(1) That having insisted that his alleged new product has a definite chemical 
(omposition, and no other, he cannot be heard to deny it; 

(2) Tliat nothing can be held to infringe Ids claims which does not have that 
definite chemical composition; and 

(3) That Burchenal made radical changes in his specification and claims as 
(..•iginally filed, whicli were unsupported by his original disclosure, and that as a 
result his i)at.ent is void. 

Comparison of the I^atented Product with Commercial Lard Substitutes 

Considc^’ing the Burchenal patent from the point of view advanced by Dr. 
Baskerville that the [furpose of the patentee is to increase the proportion of solid 
fat, in order to secure the semi-solid consistency, it is shown by the record that 
there is no material difference between the product therein set forth as so con¬ 
sidered, and those lard substitutes which for many years have been commer¬ 
cially on tfu* market. In fact this is conceded by plaintiff's experts, Dr. Basker¬ 
ville and Mr. Morrison. 

The first paragraph of the specification reads as follows: 

This invention is a food product consisting of a vegetable oil, prefer¬ 
ably cottonseed oil, partially hydrogenized and hardened to a homogeneous 
white or yellowish semi-solid closely simulating lard. 

If the words italicized—“ partially hydrogenized ’* be omitted, that descrip¬ 
tion fits what are known as “ lard compounds ” or “ lard substitutes,” such as 
“ Jewel compound,” which has been made commercially by Swift <k Cornfany 
since 1890, and of which, according to Mr. Richardson's testimony, Swift & 
Company produces between two hundred and fifty million and five hundred 
million pounds annually. T. H., page 553, Q15. Such lard substitutes consist 
of cottonseed oil hardened to a white or yellowish semi-solid simulating lard, by 
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the addition of 10 to 15% of oleo 8t«arin, which is a hard white substance pro¬ 
duced by exprcssinR the oil from !)eef tallow. This substance furnishes the addi¬ 
tional stearin necc.ssary to harden the cottonseed oil the desired stiffness or 
semi-solidity. 

Mr. McX'aw testified that for many yeare prior to 1908, the McCaw Manu¬ 
facturing Company manufactured a lard compound known as Flake White, 
which consisted of cottonseed oil hardened or stiffened to lard consistency by 
the addition of high-grade oleo stearin having a titer of 53® C., in the propor¬ 
tion of 20% of oleo stearin and 8()% refined bleached cottonseed oil. D. R., 
p. 132, Q21, Q26. The proportions of cottonseed oil and oleo stearin were varied 
according to the season of the year, more of the stiffening agent being'added 
in the summer than in the winter. 

* * • 

The record farther shows that the substitution of cottonseed oil, hydrogenized 
to a melting point of 55® to 60® C., for oleo stearin, in the manufacture of Flake 
White, made no material change in the resultant product, and customers never 
knew the difference. 

* « * 

It is clear then from the foregoing that, as a lard suKstitutc, and for all pur¬ 
poses to which such materials arc employed, there is no pra(dical difference 
between a compound containii^ oleo stearin and one containing hydrogenized oil 
of the same or similar degree of hardness or solidity. 

Now, it is customary in the manufacture of lard substitutes, whether oleo 
st.€arin or hydrogenized fat he added to the oil to stiffen it, to vary the pro¬ 
portion of the stiffening agent according to its titer or melting point. 

• • • 

It appeared from the testimony at the trial that it makes no differenee, so 
far as practical results are concerned, whether the cottonseed oil is stiffened 
or hardened by solid fats produced by partial hydrogenation, or by the addition 
of oleo stearin, or by the addition of hydrogenized fat. Both Dr. Baskerville 
and Mr. Morrison agree on this. 


Patent not Granted on Theory of Added or Increased Stearin. 

In the foregoing analysis of the patent in suit we have assumed the theory, 
advanced by Dr. Baskerville, that the only purpose set out in the patent as the 
result of partial hydrogenation is the addition of or increase in the proportion 
of the solid fats or saturated glycerides. That, however, is not the theory on 
which the patent was granted, and in fact is contrary to the plain and unmis¬ 
takable terms of the specification itself. Dr. Baskerville tried to give the im¬ 
pression that the patent points out the addition of the glyceride of stearic acid 
rather than palmitic as the vital feature in the patented product. But there is 
not a single word in the specification stating that solid fats or stearin are added 
or are increased. 

* * * 

The whole stress in the patent, as shown, is placed on reducing the linolin to 
. .6 to 10% and increasing the olein to 65 to 76%, Not a word is said directly 
** increasing ** the solid or saturated fats. 
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Moved by the exigencies of the case, and confronted by the triangular charts 
produced by Dr. Walker and Mr. Richter which were predicated directly on 
the three components specified in the patent in suit, and which prove the chem¬ 
ical dissimilarity of ICream Krisp and the product of the patent in suit—Dr. 
Baskerville hastily built up a theory of “added slearin” Unfortunately for him 
he based his whole conclusions upon a fundamentally wrong analysis of cottonseed 
oil given in lines 18 to 23, page 2, of the patent in which the percentage of 
.saturated glycerides is given as 17%. So far ^ is known there never was such 
a cottonseed oil having the percentages of component glycerides given in the 
patent. Dr. Baskerville had never seen one, he admitted, nor had Morrison or 
any one else. Dr. Baskerville evidently had not read Morrison’s deposition taken 
at Cincinnati in which he explained that that analysis was a blunder. 

* • « 

Morrison also testified that the cottonseed oil being used at the time he made 
that analysis had iodine, values of 108 to 110, and that the iodine values of the 
liquid fatty acids ranged from 147 to 148. He gave an analysis of the oil like 
that being used, as 48% linolin, 29.0% olein and 21.8% saturated fats. 

It is of record, as admitted by Dr. Ba.sker\dlle, that ordinary cottonseed oils 
contain from 20% to 25% saturated glycerids. 

* * • 

To support his theory of added fats, Dr. Baskerville produced some charts 
IV, V and VI, purporting to show how the solid fats were increased in the 
product of the Burchcnal p)atent from 17% up to 20 to 25 %—but his charts, as 
he was forced to confess on crorts-examinution, were based upon the fundamentally 
wrong analysis of the cottonseed oil given in the patent in suit, and utterly 
disregarded the statement of the pat-ent that the decrease in linolin and increase 
in oIeHi‘.%ere what it was desired to accomplish. Dr. Baskerville tacitly ad¬ 
mitted on direct examination, when he presented his charts that they were 
illogical. 

* « * 

With Dr, Baskerville’s admissions and concessions, his charts are swept into 
the discard and with them his theory of “added stearin” being the predom¬ 
inating feature of the patent in suit. 

It is self-evident that witli the product of the BUrchenul patent, being de- 
SJ'Jjbed ir ‘’pecific detail as having 20 to 25% of saturated fats, and with cotton¬ 
seed oil having 20 to 25% saturated fats, there could be practically no change 
in the proportions of the saturated glycerids during the hydrogenation. For 
•example, the oil which Morrison said they were using when he gave the analyses 
of the Burchenal product had 12.8% saturated fats. The samples of the average 
product as described in the patent had 23% saturated fats. In such case the 
saturated fats were increased from 21.8 to 23—a difference of 1.2%. 

Nothing could be clearer, in the patent in suit, than that Burchenal did not 
want to increase the stearin, because he thought it was indigestible and of 

small value as shortening.” What he said he wanted to do, and did, was to 
have a product with only 5 to 10% linolin and 65 to 75% olein. 

* • * 

Unfortunately for Dr. Baskerville, he knew nothing of this previous testimony of 
Mr. Morrison, or he would not have been mislead by his zeal on plaintiiT’s behalf 
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to advance such untenable theories as to the patent in suit and to back them up 
by his erroneous Charts. 

• • * 

But in the case at bar the plaintiff is seeking to exclude the public from one 
use of the semi-solid hydrogenized oil under the claims sued on, though conceding 
that the public has the right to it for other uses. That is, by labeling it a 
“ food-product ” or calling it “ lard-like ” the plaintiff hopes to prevent the use 
in cooking, of the product which the public has the right to use in making soap, 
or candles or lubricants. It is just as though a manufacturer of hydrogenized 
semi-solid cottonseed oil products of a relatively soft consistency, such as that 
of lard, should fill two barrels with his product manufactured exactly as directed 
in the patent in suit and should lalxil one of them “ soap stock ” and the third 
*' lard substitute.” He ships the soap stock to a soap dealer and he ships the 
other barrel labeled " lard substitute ” to a food products jolrber. According to 
the plaintiff’s theory the origin.al manufacturer would infringe the patent in 
suit when he made that part of the hydrogenized oil which he labeled a.s a lard 
substitute and sold to the food products jobber, and would not infringe the 
patent by marking the material “ soap stock ” which he shipped to the soap 
maker—a proposition which leads to the inadmis,5ible conclusion that for one 
use or purpose the article of manufacture may be public property and for another 
use may be subject of a patent. 

• * « 

So, while the plaintiff may have been the first in the United States to hydro¬ 
genize oil for making food jyroducts and soap stock in accordance with the proce.ss 
which Kayser l)rought to this country, and the first commercially to produce in 
the United States hydrogenized fats for culinary and soap making purposes, it 
really created no new industry, but merely brought into that old industry of 
making hardened oil lard substitutes, and the old soap making industry, a 
process which was then well known. The product of the patent in suit, while it 
might have been commercially new in the sense that it was produced by a 
process which had not actually been used in this country in producing like hard¬ 
ened cottonseed oil, until Kayser brought it here, was not patentably novel. 

Moreover, it has not been established that the product of the patent in suit 
has ever been commercially manufactured and sold. That product, as has been 
repeatedly shown herein, must necessarily have not more than 10% linolin, not 
less than 65% olein and not more than 25% stearin. Crisco was not produced 
and placed on the market until May, 1911, some six months after the patent in 
suit was filed, and plaintiff’s chemical superintenderit has testified that it does 
not contain the proportions or percentages of the component glycerids retited 
in the patent as the supreme identifying test of the patented product. 

Moreover, consider the enormous sums of money spent upon the advertising 
of Crisco: Taylor testified that in 1911, $180,000 was spent for advertising, and 
$400,000 each year thereafter in all,—the vast sum of at least $2,000,000 during- 
five years. That money was spent in full page or two page advertising in all 
the great national and weekly magazines; free cans of Crisco were sent to 
15,000 merchants selected throughout the United States; every jobbing dealer 
in the United States was supplied or furnished with advertising circulars and 
also full-size samples of Crisco; an extensive campaign of street-car advertising 
wu carried out in a dozen or more cities; bill poster and newspaper advertising. 
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was carried on; and advertising by lectures delivered in various domestic science 
schools, and universities by authorities in domestic science. 

Notwithstanding that tremendous and most expensive advertising campaign, 
the sales of Crisco at the end of the fifth year amounted to only one-eighth to 
one-fourth of the sales of another lard substitute made by Swift & Company,— 
“ Jewel ” compound or shortening. 

The sales of Crisco therefore are not due to any peculiar excellence or superi¬ 
ority to the product, but to the campaign of advertising. In the present case, 
the plaintiff used an attractive trade-mark name “ Crisco ” which doubtless 
helped to make the advertising effective. .4nything, that is not absolutely 
dangerous, can be sold in large quantities if more than $2,000,000, is spent in 
advertising it. 

* * * 

An argument based upon commercial exploitation fails, therefore; 

First, liecausc a new industry was not created, but on the contrary an old 
process was employed in an old industry to produce an old result; 

Second, because the sales of Crisco were due, not to any intrin-sic merit pos- 
ses-sed by it, but to a stupendous advertising campaign, and the expenditure of 
enormous sums of money in advocating and inducing its purchase; and 

Third, because the sale of Crisco is no criterion as to the novelty or utility 
of the product of the patent in suit, since Crisco does not meet the supreme 
identifying test prescribed in the patent. 

« • * 

Shortexinu Values 

(.a) The specification of the patent says that solid fats such as the saturated 
glycerides of the fatty acids, stearic, palmitic, etc., “ are of very small value for 
shortening,” lines 46-48, page 1. Defendant has shown by Dr, Bacon that the 
Ward Baking Company now uses only the hard fats having a high melting 
point as 'hortening m the manufacture of bread and tliat a remarkably small 
amount wall suffice for the purpose. The McFarland patent No. 884,606, 
describes the use of a hard fat as a shortening agent as early as April 14, 1908, 
the date of its issue; and the use of stearine, mixed with acid phosphate, in 
bah mg powders and self-raising flour, is described in the Horsford patent of 18S& 
quoted by Judge Blatchford in Rumford Chemical Works vs. Lauer. 

Miss Hanko, the plaintiff's culinary expert, testified that, as to a hard fat, 
such as in Florolenc, in which it is admixed with flour, she could see no objec¬ 
tion to the hard fat as a shortening agent. 

(b) The specification says that; 

Oil, liquid at the ordinary temperatures, does not make the best short¬ 
ening, because the oil remains liquid, keeping the food in a soggy condi¬ 
tion, and the oil will even settle to the under part of the cooked product 
and soil the cloth, paper, or whatever it may come in contact with, page 
1, lines 54-61. 

This statement has been disproved by Dr. Walker, by Miss Hanko, and 
by Dr. Bacon, the latter further testifying that for many years large bread 
bakeries used only liquid oil in the manufacture of bread as the shortening agent. 
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(c) The specification states that: 

It is evident, therefore, tliat oils or fats containing notable quantities 
of glycerides of linolic acid or of lesser saturation, are distinctly inferior 
as an edible product to those containing a minimum of these glycerides 
with a larger per cent of olein, page 1, lines 35-41. 

Cottonseed oil contains a notably high percentage of linolin (48%) whereas 
olive oil contains a small percentage—less than 10% (see Walker’s chart. No. 9) 
—and about 80% of olein, but common usage as a table oil shows that cotton¬ 
seed oil is not “ distinctly inferior ” to olive oil. In Bulletin No. 505 of the 
United States Department of ,\griculture dated February 13, 1917, of which, 
as a publication of the United States Government, this Court may take judicial 
notice, it is said, page 18: 

With allowance for metabolic products, the coefficients of digestibility 
have been found to be for olive oil 97.8; for cottonseed oil 97.8; for 
peanut oil 98.3; for cocoanut oil 97.9; for sesame oil 98; and for cocoa 
butter 94.9 per cent. ITiesc values indicate that the vegetable oils studied, 
with the exception of cocoa butter, have for all practice! purposes the 
same digestibility and are utilised as completely as the animal fats.” 

(d) The specification contains an analysis of cottonseed oil, which all of the 
experts agree is fundamentally erroneous, and which was, as has already been 
shown herein, based on a blunder by Mr. Monison, who made the analysis. 
This needs no further elaboration. 

(e) The specification states in effect that the product, having a range in 
iodine value of 55 to 80, contains ‘‘ from about 1.5% to 2.5% of additional 
hydrogen more than in the non-hydrogenized material,” page 2, lines 4 to 7, 
whereas Mr. Richter has shown that a partially hydrogenized cottonseed oil 
product with an iodine value of 80 contains 2.04% additional hydrogen and that 
a like product with an iodine value of 55 contains 3.75% additional hydrogen, 
more than in the original non-hydrogenized cottonseed oil. T. R., pages 603, 
Qsl98-199. This was not controverted by plaintiff on rebuttal, and shows that 
the statement quoted from the specification as to the percentage of additional 
hydrogen is not founded on fact. 

(f) The “ puffing ” or self-laudatory statements of the patent as to the lesser 
liability of the product, responding to the identifying tests of the patent, to 
become rancid than lard, and its capacity to be heated to a higher temperature 
than lard, and its being an “ itteil ” product for frying and better than lard as 
a shortening are incapable of proof, and even “ Crisco ” has not been shown 
by plaintiff to excel in the respects noted. Defendants on the contrary have 
shown, by Dr. Bacon, that Crisco turns rancid more rapidly than lard. Dr, 
Bacon, RDQ363, T. R., page 722, and by Mr. Richardson that the smoking 
point temperatures- of lard and lard substitutes depend upon the deodorization 
of the products with live steam, and that this is true of all fats. The steam 
treatment drives off the volatile constituents of the fat, and raises the tempera¬ 
ture at which the fat will begin to smoke when heated to high temperatures. 
Richardson, Q837-43, T. R., page 558. 
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DErENDANT’s Process and Product 

Defendant’s product, Kream Krisp, was first placed on the market in Sep¬ 
tember, 1914, and by March 1st, 1915, the production was between one and two 
tons daily or at an annual rate of 300,000 to 600,000 pounds. Richter, pp. 
207-208, T. R,, 604, 605. Kream Krisp evidently came to the attention of the 
plaintiff soon after it was placed on the market, since in February, 1915, Burch- 
enal wrote to the defendant that it was infringing its patents on “ food products ” 
though in point of fact he then had no food product patents. The application 
for patent in suit was pending, however—so he filed an amendment presenting 
present claims 1 and 2 on March 5, 19115, and lowered the melting point range, 
as originally given, doubtless with the hope of covering ICreara Krisp. 

Kream Krisp is produced by a wholly different process from that described 
in the patent in suit, the process of its manufacture being patented in Letters 
Patent to Hugh K. Moore, No. 1,121,860, dated December 22, 1914, applied for 
Feb. 26, 1914, and No. 1,184,489, dated May 23, 1916, applied for Oct. 31, 
1914; Ex. Book, pages 62, 78. In the " batch proce.ss,” as described in the 
Norman British patent, the Kayser jmtents and the patent in suit, a batch of 
oil with the finely divided catalyst mixed therewith, is heated, and by bubbling 
the hydrogen through the mixture, or agitating the mixture in the presence of 
hydrogen, there is caused a triple contact of a small body of catalyst, a large 
body of oil, and hydrogen—in consequence of which a certain “ selective action ” 
takes place and the linolin is first acted on by the hydrogen and converted to 
olein during the early stages of the process. 

In the defendant’s |)roce.s3 the body of nickel catalyst—not chemically de¬ 
posited on kiesclguhr—but mechanically mi.\ed with shredded asbestos, for the 
same purpose that hair is mixed with plaster to keep the layer from cracking,— 
is spread in layers between sheets of asliestos. These layers form a horizontal 
diaphragm in'the hydrogenating vessel. Then oil heated to the desired tempera¬ 
ture is sprayed liy heated hydrogen from a rotating nozzle arranged above the 
diaphragm. Additional heated hydrogen is adn.ittcd to the vessel, or " ca))Bule ” 
as it is called, in the compartment above the diaphragm, so that the pressure 
above the diaphragm is greatly in excess of that below it. The fine spray of 
oil is therefore instantly driven through the porous catalytic diaphragm, and 
emerges therefrom, a portion of it being hydrogenized in its transit. The rotating 
nozzle sprays the oil on successive portions of the diaphragm,—the hydrogen 
alone sw oping through the other portions of the diaphragm and “revivifying” 
the catalyst by the absorption of the hythx^en on the nickel particles, or by 
uniting therewith to form an unstable hydride. The oil in passing through 
the diaphragm in the twinkling of an eye is acted on by the hydrogen in or on 
the catalyst—and since the catalyst is greatly in excess of the oil which is passing 
therethrough—the selective action of the batch process does not take place. 
On the contrary, a portion of the linolin is converted directly to a saturated 
glyceride (stearin) or else coinoidently a portion of the linolin is converted to 
olein and approximately a like portion of olein is converted to stearin. The result 
is that in the product of defendant the percentage of olein is substantially the 
same as in the origirml oil, while the stearin has been increased at the expense 
of the linolin. The "resultant product contains the same kind of glycendes as 
the original oil (disregarding Dr. Baskerville’s theory of mixed and simple glycer¬ 
ides) but they are in different proportions. Walker, Qs34r-65, T. R., pages 492- 



694 


APPKNDIX 


r>16. The cottonseed oil which is employed by defendant, is thus converted 
into a product like the sample can introduced in evidence by the plaintiff, as 
follows: 


Per cent saturated glycerides. 

Per cent olein. 

Per cent linolin. 


Cottonseed Oil. 

Kream Krisp. 

31 5 

28 

32.5 

34.3 

46 

37.7 


The range of the proportions of component glycerides given by Mr. Richter, 
who has charge of the analyses of Kream Krisp at defendant’s factory, is as 
follows: 


Per cent saturated fats. 28-43 

Per cent olein. 34 3-37 

Per cent linolin . 33..3-37.7 


The iodine value.s of Kream Knsp range from 83.8 to 94.7; the melting 
points range from 33.9° to 4().6° G.; and the titers range from 33.4 to 36.5. 

In the particular product, on which the charge of infringement is based, 
to wit, that contained in the Kream Krisp can be offered in evidence by plaintiff 
as a part of Exhibit No. 2, the melting point is 35.7, the titer 23.85, the sapon¬ 
ification value 194.5 and the Halphen test is negative. So far as the Halphen 
test is concerned, Richter testified that the sample was mo.st unusual, since he 
had never before seen any of defendant's product which did not give a positive 
result on being tested, and explained that the oil was probably overheated. 

On comparing the Kream Krisp with the original oil from which it was pro¬ 
duced, it is very striking that the proportion or percentage of olein in the two 
is substantially the same, having been increased from 32.5% in the oil to 34.3% 
in the product—an increase of 1.8%. The linolin has been decreased from 
46% to 37.7% or—8.3 and the stearin increased from 21.5 to 28% or 6.5. 

Cottonseed Kream 
Oil. Krisp. 

Saturated glycerides 21.5-1-6.5=28 
Olein 32.5-1-1.8=34.3 

Linohn 46 —8.3 = 37.7 

The stearin or saturated glycerides have been mainly increased at the expense 
of the linolin. It cannot be said of the product that it is “ high in olein ”— 
within the purview of the patent in suit, because there was substantially no 
increase in the proportion of olein in the original oil; nor can it be said that 
the product is “ low in linolin ” since more than one-third of it consists of lin¬ 
olin. Only 8.3% of the original oil has been changed at all—1.8 has been 
changed from linolin to olein and 6.5 has been changed to stearin. 

The remainder of the product has been unchanged. Whether the linolin, 
was converted directly to stearin with only a small portion being converted to 
olein, or whether with the conversion of 8.2 parts of linolin to olein, 6.5 parts of 
olein is changed to stearin simultaneously therewith, is not known, and there is 
at present no known method of analysis by which this can be definitely ascer¬ 
tained. 
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Kream Krisp Does Not iNPHraoE the Patent in Suit 


So far as the proportions of the glycerides is concerned there is a profound 
difference between the two products—that of the Burchenal patent and Kream 
Krisp—as might be expected from the totally different processes by which they 
are produced. In addition, the iodine values ore different, the titers are different, 
and the percentage of added hydrogen are different, all as will be seen from the 
following comparison, using Richter’s figures: 


Iodine value. 

Melting point. 

Titer. 

Per cent saturated fats.. 

Per cent olein. 

Per cent linolin. 

Per cent added hydrogen 
Saponification value. 


Burchenal Product. Eream Krisp. 


65-80 

94.7 

33°-40° C. 

35.7 

35°^2° C. 

33.85 

20-26 

28 

65-75 

34.3 

5-10 

37.7 

1.5-2.5 

.875 

195 

194.5 


It will be noted from the foregoing that the iodine value of Kream Krisp 
is 94.7 as against the maximum of 80 given in the [intent in suit; that Kream 
Krisp contains more than three times the ma.ximum quantity of linolin stated 
ill said patent, contains a little more than half of the minimum quantity of 
olein, and 3% more than the maximum quantity of saturated fats or stearin; 
that the titer is less than the minimum given; and that the per cent of added 
hydrogen is less than that given in the patent. 


Kream Krisp does not meet a single identifying test pointed out in the potent 
in suit, with the exception of its melting point, which is given by Richter as 
35.7° C.; and as to the melting point be it remembered that when Burchenal 
first filed his application the melting point range was then given as from 36 
to 43° a-’d years afterwards changed to 33°-40° because Burchenal changed his 
opinion as to what the desirable melting point should be. 

That Kream Krisp does not infringe the patent in suit is thus made clear. 

It is true that Kream Krisp is used as a substitute for lard or butter, and is 
of such consistency that it may be used in their stead. In that respect it does 
not differ irom the lard substitute.? like Jewel and Flake White,—in fact, it is 
much more like Jewel compound than it is like the product of the patent in suit. 

We call attention to a very significant statement in the patent to be found 
in lines 89-94, page 1, thereof, as follows: 

In practice, the operation is stopped when the oil has been converted 
into a product which cools to a white or yellowish semi-solid more closely 
resembling lard than do the commercial mixtures of cottonseed oil and animal 
oleo stearin. . . . (Italics ours.) 

Just what the italicized clause means, the patent does not state. It cannot 
mean that it is different from those compounds by reason of the melting point, 
or the uses to which they are respectively put, for therein lie no distinctions. 
It may mean that the Burchenal product is chemically more like lard, inasmuch 
as lard has 8% to 10% of linolin and is relatively high in olein. If the latter 
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is meant, then surely it excludes Kream Krisp, as will be apparent by a com¬ 
parison of Kream Krisp with Jewel compound, which was one of the commercial 
mixtures referred to, and the Burchenal product. 



Kream Krisp. 

Jewel. 

Burchenal Product. 

Per cent saturated glycerids. 

. 28 

29.5 

20-25 

Per cent olein. 

. 34.3 

29 

65-75 

Per cent linolin. 

. 37.7 

41.5 

5-10 


The comparison can best be made visually by the triangular chart 402 (oppo¬ 
site page 575, of the Trial Record), produced by Richter, on which the products 
are graphically portrayed in the terms of these three comixments, to wit: sat¬ 
urated glycerids, olein and linolin referred to in the patent in suit. We here 
reproduce that chart which Dr. Baskerville admits is an “ excellent ” chart for 
indicating the percentages of the comimnent glycerids. The cottonseed oil, 
Kream Krisp, Jewel and Burchenal’s product are all located. A mere glance 
shows that Jewel and Kream Krisp are quite similar in their composition, and 
that both are equally remote from the composition of the Burchenal product. 
They also have approximately the same percentages of solid or saturated fats, 
although slightly more than Crisco. 

Kream Krisp therefore is directly excluded from the scope of the patent, in 
addition to its failure to meet the identifying tests which are described in the 
specification thereof. 

While, in the production of Kream Krisp, a portion of the oil is hydrogenized— 
it is by a process wholly different from that described by Burchenal. In fact, 
the record clearly shows that by the batch process and under the conditions of 
hydrogenation recited in the patent in suit Kream Krisp cannot be produced; 
and that by the process practiced by defendant it is impossible to produce the 
product described and deWd in the patent. 

* * • 

The patent in suit was pending in the Patent Office five years, during which 
the art progressed, and defendant’s product had appeared on the market. After 
the application for patent was filed on November 10, 1910, and was rejected 
by the Examiner on December 13, 1910, Burchenal deliberately let the matter 
lay for one year until December 13, 1911, before replying to the examiner. The 
case was promptly rejected again on December 29, 1911, and again nearly eleven 
months passed by before Burchenal responded on November 20, 1912. In the 
meantime Ellis had secured patent No. 1,038,545 for a butter substitute, and 
then Burchenal tried to claim that his material was a butter substitute also. 
Burchenal, however, had described his material as melting from 36° to 43° C., 
that is, at a temperature higher than 36.6° C. (blood heat), whereas a vital 
characteristic of butter is that it melts below blood heat or body temperature. 
It was at this time that Burchenal presented the matter occurring in lines 13 to 
74, page 1, of his printed specification, except that in line 64 he then referred to 
his product as “ butter-like ” instead of “ lard-like.” Burchenal was trying to 
grab Ellis’ invention. 

The Examiner however prevented that, refusing to permit Burchenal to call 
his product “ butter-like ” and pointing out that the preferred melting point 
as ori^nally described by Burchenal, was 41°-42° C., and that it was very much 
hig^t than the melting point of butter. Foiled in his attempt to cover the 
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Ellis product, Burchenal then concluded that his own material was lard<like " 
and inserted that expression for the first time in his claims. Later on, March 17, 
1913, Burchenal took out of his claims reference to the melting point of 36® to 
43® C. and substituted a reference to the iodine value instead. This was evi¬ 
dently done, because he wanted to get rid of that high melting point range of 
“ 36® to 43® C.” in his specification, and it was his first move in that direction. 
He accomplished his ultimate purpose on March 5, 1915, when he substituted in 
his present specification a statement giving the melting point range from 33® 
to 40®, thus changing what he had originally sworn was one of the identifying 
tests of his product. As Morrison testified, Hurchcnal probably “ changed 
his opinion afterwards ” as to the preferred melting point of his product. 


Conclusion 

Without attempting to summarize all the matters discussed in the brief,— 
for the length of which we apologize—we submit that we have, by the Record 
in this case, established beyond a shadow of doubt the several defenses set up 
in the answer as amended. 

I. We have proved that prior to any dat.e of invention that can be claimed 
for Burchenal, the hydrogenation of the various animal and vegetable oils to 
various degrees of saturation, or to various consistencies, had been explained 
fully, clearly and exactly by Normann, Bedford, Foal and Roth, Fokin and 
Kayscr; that the phenomena of the reaction had been so minutely described 
that any oil chemist or technologist was able to reproduce the processes and 
reproduce the products, as was actually done by witnesses called by the defend- 
a»it; that the earlier patentees and investigators had called attention to the 
freedom from rancidity which the hydrogenized products possessed, to their 
failure to respond to the Halphen reaction, to the various iodine values and 
consistencies which could be secured in the products, and to the fact that in the 
process no side reaction products were produced save nickel-soap, which was 
easily removable by known methods; and in fact that their various products were 
edible food products. 

We have proved by the admissions and concessions of Burchenal, patentee of 
the iij.tent in suit, that he was not the originator of the process of hydrogenation 
described in said patent; and that he makes no claim to the process, or any 
part thereof, described in the two Kayser patents, which process, as accurately 
and exactly described in one of the Kayser patents, is for hydrogenating cotton¬ 
seed oil to a semi-solid of any desired consistency as determined by its iodine- 
value or titer; that such process was disclosed to him (Burchenal) by Kayser; 
and that, in fact Kayser’s products were' edible including those brought to this- 
country by Kayser. 

We have further shown that Kayser disclos^ to Von Phul, a disinterested 
witness, that he was working on a food product, and that he showed the first 
material produced by him in this country to Von Phul and told the latter it was- 
his new food product, and this before Burchenal by ** cerebration ” decided that 
Kayser’s products were edible; we have shown that Kayser himself is not and 
was not a\^ilable as a witness, and therefore could not be called to substantiate 
Von Phul's evidence; and we have shown that w© have called, as hostile wit* 
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neases, the only persons who did know of Kayser’s work, namely, Burchenal, 
Anderson and Procter, whose testimony would naturally be biased on behalf of 
the plaintiff. 

We have proved that Burchenal was not an independent inventor—that he 
was not one skilled either in the art of hydrogenation or in the art of fatty food 
products, that he could point to no single inventive act or deed that could be 
credited to him, and that his knowledge touching the production of semi-solid 
hydrogenized cottonseed oil was all obtained from Kayser—the fountain head of 
his information. 

We have proved, by the very records of the plaintiff, the production by 
Kayser on March 5, 1908, of a serni-solid incompletely hydrogenized cottonseed 
oil having the melting points 42® and 4,I® C., one of which Burchenal de.scribed 
in his application as filed as the preferred melting point of hi.s patented product 
which Kayser products were reproduced for the trial and were shown by Mr. 
Richter to be edible. 

These facts established the invahdity of the patent for want of originality, 
novelty, and lack of patentable invention. 

II. We have shown that the description contained in the specification and 
the claims in suit are lacking in that completeness, clarity, and exactness which 
U. S. R. S., 4888 requires as a condition precedent to the gnmt of letters jmlent, 
for we have proved both by the concessions and admia.siuns of Burchenal and 
Anderson that it would be “ a lucky strike ” if one should produce the alleged 
new product by following the description contained in the specification, and by 
the testimony of Richter that he failed after repeated trials and experiments— 
following the description of the patent—to realize the alleged new product 
having the proportions of component glycerides stated therein. 

We have proved by Burchenal’s concession that even he does not know what 
factors are necessary to produce a partially hydrogenated semi-solid cottonseed 
oil which is high in olein and low in linolin with only sufficient stearin to make 
the product congeal, as defined in the specification, which the patent states is 
chief characteristic of the alleged new product. 

These facts as proven establish that the patent is void. 

III. We have established out of the mouths of the plaintiff’s officers, including 
the patentee himself, that if there be any invention in the patent in suit (which 
we have shown is not so) it is the invention of Kayser, and that taking advan¬ 
tage of Kayser’s absence from this country Burchenal patented the same. The 
facts as proven show that this was done unjustly and surreptitiously. 

Wherefore, the patent in suit is void. 

IV. We have proved by the proceedings in the Patent Office in connection 
with the filing and prosecution of the patent in suit, and by the admissions of 
the patentee, and the limitations imposed by the Commissioner acting through 
the Examiner that the alleged new product is necessarily limited fo, and must 
contain, a specific percentage of component glycerides, to wit: 20-25% saturatad 
glycerides, 65-75% olein, and 5-10% linolin, in addition to falling within an 
iodine value range of 65 to 80, and that no product can infringe the claims of 
the patent which does not meet both these identifying tests. 

V. We have proved that new matter vitally changing the original description, 
and which was not predicated upon the original disclosure, and which was a 
radical departure therefrom, was inserted in the specification without a sup¬ 
plemental oath, and that the claims in suit were inserted without a supplemental 
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'oath after defendant’s product was in public use and on sale, by virtue of all of 
■ which the patent and said claims are invalid. 

VI. We have proved that the manufacture of homogeneous lardlike food 
products consisting of cottonseed oil hardened to the consistency of lard, is an 
old and well-known industry; that giving to the oil its semi-solidity (1) by par¬ 
tial hydrogenation, (2) by (he addition of hard hydrogenized fats, or (3) by the 
addition of the usual oleo steurine, enables it in either case to be used for all 
purposes as a substitufe for lard in the culinary arts and for food purposes, and 
that in the last analysis (iis distinguished from a product having the propor¬ 
tions of component glycerides recited in the patent), the amount of added solid 
fat is substantially the same, fis conceded by Mr. Morrison, plaintiff’s chemical 
superintendent, iience, when the plaintiff makes the claim that it has started 
a new industry, it can only me:m that it has extended into an old industry an 
old product produced by an old process. In this connection we have shown 
that “ Crisco,” which the plaintiff relies on as the juoduct of the patent in suit, 
is not in reality that product, ns it fails to meet the supreme identifying test of 
the patent, i e., the proportions of i)erccntage of component glyccrids. And we 
have further .shown that no one but the plaintiff really knows just how Crisco 
is made, and just what proceascs arc used in its production. “ Jealously guarded ” 
secrets comstituto a wall around Crisco, through whose unpenetrable thickne.ss 
neither the Court nor thi.s defendant nor the public can see to learn the real 
proc,..ss of its manufacture. And wc have further shown that millions of money 
have been lavished with a free hand to force Crisco on the public, in every way 
known to advertising managers, including the subsidizing of cooking school 
and university lectures. Yet, notwithstanding the spending of fortunes rivalling 
the la^’lah outlays of the Count of Monte Cristo, the annual sales of Crisco are 
less l u-fourth than those of “Jewel” shortening manufacturing by one con¬ 
cern- -Swift & Co. 

VII. By the record we have proved: 

(a) That defendant’s product doe.s not meet the identifying tests set 
forth in the patent in suit, since it has neither the titer, the iodine value, 
the saponification value, nor the proiwrtions or percentages of component 
glyoerids, therein set forth as identifying the alleged new product. 

(b) That defendant’s product is not “ lard-iike ” in the sense in which 
those words are used in the patent and that it neither smells nor tastes 
like iard, both the taste and smell thereof being different from the char¬ 
acteristic taste and smell of lard. 

(c) That defendant’s product is not made by the process described in 
the patent in suit. 

(d) That the process as described in the patent in suit will not produce 
defendant’s product. 

(e) That defendant’s process is a process covered by the Moore patents 
and is clearly unlike the process of the patent in suit, and that the reac¬ 
tions in the two processes proceed differently and produce markedly 
different results, and 

(f) That defendant’s process cannot produce the product of the patent in 
suit. Therefore, the defendant’s product does not infringe the patent in suit. 
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VIII. We have shown in addition to the foregoing, that the equities in th& 
case at bar are with the defendant; that its product is directly excluded from 
the scope of the patent in suit by the specification—since its chemical composi¬ 
tion is substantially that of “ commercial mixtures of cottonseed oil and animal 
oleo-stearin ” from which the patented product is distinguished in the specifica¬ 
tion; that it embarked upon the manufacture of its product in good faith; 
that the claims in suit, unsupported by a supplemental oath, were deliberately 
inserted in the application after defendant’s product had for months been pro¬ 
duced in large quantities and had gone into public use and had been inspected 
by the patentee. 

We urge that the Court, in the protection of the rights of the public and of 
this defendant, should declare this patent in suit to be invalid or void, and thus 
preserve to the public and the defendant the inherent right to put to their 
natural uses those hydrogenized oils which it is conceded the patentee did not 
invent or discover. 

And we urge that the Court should also find as a matter of both fact and law 
that defendant’s product “ Kream Krisp ” is not an infringement of the patent 
in suit. 

Wc submit that on the grounds stated the bill should be dismissed with costs 
in favor of the defendant. 

Respectfully submitted, 

MARCUS B. MAY, 

JOHN C. PENNIE, 

Counsel for Defendant. 

New York, N. Y., April 28, 1917. 


THE DECISION OF JUDGE AUGUSTUS N. HAND. 

This suit is for infringement of patent No. 1,135,3.51, granted to the com¬ 
plainant as assignee of John J. Burchenal, on April 13th, 191.5. The applica¬ 
tion for the patent was filed November 10th, 1910. The specification states 
that the invention is for a food product consisting of a vegetable oil, preferably 
cottonseed oil, partially hydrogenized and hardened to a homogeneous white or 
yellowish semi-solid closely simulating lard. 

Claims 1 and 2 alone are in issue and read as follows: 

1. A homogeneous lard-like food product consisting of an incompletely 
hydrogenized vegetable oil. 

2. A homogeneous lard-like food product consisting of incompletely 
hydrogenized cotton-seed oil. 

The special object of the invention is, according to the specification; 

... to provide a new food product for a shortem'ng in cooking in 
which the liability to become rancid is minimized and in which the com¬ 
ponents of such vegetable oils which are inferior and detrimental to use 
as sq<di a food product have been to a large extent converted into a 
higher and more wholesome fonn. All such vegetable oils contain gly- 
cerids of uiuaturated fatty acids and among these notable quantities 
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of fatty glycerida of lower saturation than olein. It is the presence of 
these glyceride of lower saturation that seriously affects the rancidity of 
the material. Oxidation is largely the cause of rancidity which oxidation 
weakens the fat at the point of absorption at the double bonds, and these 
glyceride of Iceeer saturation readily absorb oxygen from the air at ordinary 
temperatures wliile the more highly saturated glycerids, as olein, only 
absorb oxygen at elevated temperatures. It is evident, therefore, that 
oils or fats containing notable quantities of glycerids of linolic acid or of 
lesser saturation arc distinctly inferior as an edible product to those con¬ 
taining a minimum of these glycerids with a larger per cent, of olein. 
On the other hand while it is imjwrtant to get rid of the readily oxidizable 
glycerids of lower saturation, it is also important not to supply too large 
a per cent, of fully saturated glycerids. 

... In manufacf.uring this j>roduct cotton.seed or other vegetable oil 
is caused to chemically absorb a limited amount of hydrogen by reacting 
on the oil with hydrogen in the pre.sence of a catalytic agent and at an 
elevated temiierature. The oil is preferaldy agitated in a closed vessel 
in the presence of an atmosphere of compressed hydrogen, a catalyzer 
of finel.v-dividod nickel carried by kicsciguhr being maintained in sus¬ 
pension in the oil and its tcmi)er:iturc being raised to about 155° C. 

According to the present invention, the amount of hydrogen absorbed 
is carefully regulated and limited. In practice, the operation is stopped 
whim the oil has been converted into a product which cools to a white 
or yellowish semi-solid more closely resembling lard than do the com¬ 
mercial mixtures of cottonseed oil and animal oleo-.stearin while in many 
respects the product is superior to the best leaf lard as a shortening. It 
is not so liable to become rancid and the product can be heated to a 
considerably higher tomiwraturc than lard without smoking or burning. 
The high temperature to which my product cun be raised without smoking 
or burning makes the product ideal for frying, inasmuch as a crust forms 
almost instantly on the food fried, which prevents any absorption of the 
shortening. A lard-like product thus prepared from cottonseed oil has a 
saponification value of alwut 195 and an iodin value ranging from about 
S5 to about 80. The product having an iodin value of 55 has a titer of 
about 42° and a melting point of about 40° C., that having an iodin 
vn'... of so has a titer of about 35° and a melting point of about 33° C. 
Wliile but partially hydrogenized, containing from about 1.5% to 2.5% 
of additional hydrogen more than in the non-hydrogenized material, it 
shows no free cottonseed oil when subjected to the Halphen test, thereby 
differing from all commercial lard sulistitutes containing this oil. It 
contains from twenty to twenty-five per cent of fully saturated glycerids, 
from five to ten iier cent linolin, and from sixty-five to seventy-five per 
cent olein; and an average of a number of samples gives twenty-three 
per cent of saturated fats, seven and five-tenths per cent linolin and 
sixty-nine and five-tenths per cent olein, while the cottonseed oil liefore 
treatment contained seventeen per cent saturated fats, thirty-seven per 
cent linolin and. forty-six per cent olein. It will thus be seen that I have 
produced an ideal food product which is high in olein, low in linolin and 
lesser saturated fats and with only enough stearin to make the product 
congeal at ordinary temperatures. 
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The complainant urges that Burchenal first taught the art that a partially 
hydrogenated vegetable oil, preferably cottonseed oil, was edible and was a 
useful lard substitute. It contends that prior to Burchenal’s conception it was 
not known that hydrogenated cottonseed oil was edible and that the only 
processes then in use aimed at complete saturation and produced a hard non¬ 
edible product. Before discussing the prior art, I would say in general that 
Nonnann, whose patent will later be referred to, had already disclosed a method 
of hydrogenating oils, and had set forth in his specification that the process was 
progressive and involved “ no secondary reaction." The method of adding 
cottonseed oil to beef stearin for use as a lard compound was well known and 
much used, as it still is. The hydrogenation of cottonseed oil resulted in a 
reduction of the fluid and substitution of the solid fats. Normanns patent, as 
well as various experiments of scientists, indicated that the addition of hytirogen 
to cottonseed oil would result in the reduction or elimination of the fluid and 
substitution of solid or partially solid tats. No one has shown that the product 
resulting from such hydrogenation was ever non-edible or unsanitary in any 
respect. 

The British patent No. 10,783 (1887), to Joseph Scurs was for a lard substitute 
composed of refined unbleached cottonseed oil and a fat adapted to give a still¬ 
ness to the compound corresponding substantially to that, of refined lard. The 
specification provided that the temperature should lie raised sufficiently to meh, 
the fat or stearin, the heated ingredients mi.ved and then clulhxi rapidly so as to 
prevent crystallisation and separation. This general ))rocesa was well known in 
the art, before the date claimed for the invention of Bundienal and indeed is 
referred to in the patent in suit. A very large market for such lard-like com¬ 
pounds exists at the present time and has existed many years past. 

The British patent No. ISIS of 1903, to Normann discloses a process for the 
reduction of glycerides resembling that of the patent to Burchenal. Normaim’s 
patent says that: 

The property of finely-divided platinum to exercise a catalytic action 
with hydrogen ... is already known, . . , Recently Sabatier and Seti- 
derens of Paris have discovered that other finely-divided metals will also 
exercise a catalytic effect on hydrogen, viz.: iron, cobalt, copper and espe¬ 
cially nickel. 

By causing acetylene, ethylene or benzene vapour in mixture with 
hydrogen gas to pass over one of the said metals (which had just been 
reduced in a current of hydrogen) the said investigators obtained from 
the unsaturated hydrocarbons, saturated hydrocarbons, partly with simul¬ 
taneous condensation. 

I have found that by this catalytic method it is easy to convert unsat¬ 
urated fatty acids into saturated acids. 

This may be effected by causing fatty acid vapours together with 
hydrogen to pass over the catalytic metal, which is preferably distributed 
over a suitable support such os pumice stone. It is sufficient, however, 
to expose the fat or the fatty acid in a liquid condition to the action of 
hydrogen and the catalytic substance. 

For instance, if fine nickel powder obtained by reduction in a hydrogen 
outrent, is added to chemically pure oleic acid, the latter heated over an 
oil bath and a strong current of hydrogen is caused to pass tluough it 
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for a considerable time, the oleic acid may be completely converted into 
stearic acid. 

The quantity of the nickel thus added and the temperature are imma¬ 
terial and will only affect the duration of the process. Apart from tho 
formation of small quantities of nickel soap, which may be easily decom¬ 
posed by dilute mineral acids, the reaction passes off without any secon¬ 
dary reaction. The same nickel may be use(^ repeatedly. Instead <rf 
pure oleic acid, commercial fatty acids taay be treated in the same man¬ 
ner. The fatty acid of tallow which melts between 44 and 48° C. has an 
iodine number 35.1 and a yellow colour will after hydrogenation melt be¬ 
tween 56.5 and 59°, while its iodine number is 98 and its colour slightly 
lighter than before, and it will be very hard. 

The same method is applicable not only to free fatty acids, but also 
to the glycerines occurring in nature, that is to say, the fats and oils. 
Olive oil will yield a hard tallow-like mass; linseed oil and fish oil will give 
similar results. 

By the new method all kinds of unsaturated fatty acids and their 
glycerides may be easily hydrogenized. 

The Normann patent clearly diaelo.se3 that oils may be completely hydro¬ 
genized, that the proce.s.s is progressive and that it involves “no secondary 
rencH.ii," in other words, that cotton seed oil which starts edible remains so. 
Tne ixperiments and articles of Paal and Roth, which were alluded to at the 
trial, show that hydrogenization of oils including cotton seed oil was under¬ 
stood in the prior art. 

Such being the stale of the art, Edwin Cuno Kayser wrote Procter & Gamble 
from England that he had a process of considerable value and would like to talk 
tf them about it; thereafter he came to America about November, 1907, bringing 
samples of hydrogenized cottonseed oil. He showed these to Burchenal, the 
superintendent of Procter & Gamble. As a result of his visit, he made an 
arrangement under a preliminary contract of January, 1908, to experiment upon 
the hydrogenized cottonseed oil as a substitute for lard. The first project was 
apparently to use hydrogenated cottonseed oil as a compound to be added to a 
percentage of beef stearin and cottonseed oil. Burchenal says he had done no 
work in connection with hydrogenizing cottonseed oil before he saw Kayser. 
He testified that; 

Mi Kayser went out to our factory and made sketches as to the appa¬ 
ratus that would be necessary to carry on this work and the apparatus 
was ordered at once; a little plant was installed for experimental pur¬ 
poses and I think it was ready to operate sometime in January or Feb- 
^ ruary, 1908. Deposition of Burchenal, page 11. 

The defendant succeeded in obtaining contemporaneous memoranda as to some 
of Kayser's experiments from the records of Procter & Gamble. The first experi¬ 
ment was as follows; 

Fat Hardening Process by E. C. Kayser. 

First experimental lot was completed Jan. 17th, 1908. Fat treated— 
Summer Yellow Cotton-seed Oil. Used nickel Sulphate and Kieselguhr 
as described. Experiment was conducted by Mr. Kayser abne. He 
to have used about 1% Nickel Metal and 2% Kieselguhr. 
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M.P. of fat after 3 hre. 55J° C. 

M.P. of fat after 61 hrs. 60.3“ C. 

Dr. Bender reports as follows; 

Melting point of fat 60.3° C. 

Hydrocarbons .33%. 

Iodine value of fat 7.14%. 

The fat does not contain free fatty acids. This material is much supe¬ 
rior to the samples from J. Croasheld & Sons which showed an iodine 
value of 52.26 and a melting point of 39.3° C. (The laboratory sample 
melted at 49.9° C.) Their samples contained 5.12% free fatty acids and 
2% hydrocarbons. 

Mr. Kayser reports as follows: “ The melting point of fatty acid, pre¬ 
pared from first lot hardened cottonseed oil is 62° C. This is several 
points higher tlian 1 ever got before. Presumably the composition of 
your oil differs somewhat from that of the oil I handled formerly.” 

Another experiment by Kayser of the date of March 5, 1908, was also obtained 
from the Procter & Gamble records in which the following melting points ap¬ 
peared: 

5 hrs. at ordinary pressure 42° C. 

IJ hrs. at 60 lb. pressure 43° C. 

Von Phul ■ testified that Kayser told him in 1907 that he was getting up a 
patent for a food product and even Burchenal’s own testimony shows that 
Kayser aupjmed that the product he was making was edible. If Kayser at 
first told him it was not edible he did so when they were negotiating and he 
wished to keep his process in the dark until he had arranged his terms. That 
Kayser's statement that it was not edible was not taken seriously by either 
party is shown by the following testimony: 

Q887. But you did not know as a matter of fact whether it would be 
edible or not? A. I did not. Mr. Kayser stated that it would not be 
but that was his method of talking. 

Both of these men were proceeding soon after Kayser's arrival in this country 
to develop hydrogenated cottonseed oil as a food product. Even if the thought 
first oecurred to Burchenal I cannot see that he did anything to carry it out in 
practice. Kayser's patent No. 1,003,035, application for which was filed March 
20, 1908, disclosed the process which was employed to make the product covered 
by the patent in suit, and the specification for this Kayser patent contains the 
statement that “ The time of treatment will vary with the progre.s8 realized and 
with the degree of saturation aimed at.” It is to be remembered that Burchenal 
distinctly disclaimed in his testimony that he had anything to do with the 
invention of the process covered by the Kayser patents and we thus have a 
situation where Kayser invented the process and developed the product to the 
poipt where it was applicable to use as a food product. He came to America 
with a sample which as appears from the written record taken from the files of 
tlte complainant had a melting point of only 39° and developed other samples 
,VBth melting points of but 42° and 43° in his March 5, 1908 experiments. 
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Moreover, it is to be remembered that Crosfield had employed Kayser to 
experiment in hydrogenating oil, that the former had been in close communica¬ 
tion with Normann, who had patented only four years before the process I have 
mentioned, ,and that Crossfield had so strenuously objected to the use by Procter 
& Gamble of the processes of Kayser that they were obliged to purchase their 
rights to them. It is also noteworthy that Kayser refused to testify in this case 
and that the witnesses as to the work of Kayser in America are officers or em¬ 
ployees of the complainant. Under such circumstances the raeagerness of the 
evidence which has been adduced to show that Burchenal had anything to do 
with the development of the lard-like ffiod product which is the subject of the 
patent in suit, coupled with his admission that the entire process under which it 
was made was the work of Kayser, is most significant and makes it impossible 
to find that Burchenal invented anything. The defendant has been embarrassed 
in its defence by many difficulties and has been obliged to go into the enemy's 
camp to secure almost all its ammunition. In spite of this, it has established 
that Kayser at the very beginning liad developed not only a process but a 
product little differing from Crhsco. Kayser remained with Procter & Gamble 
until well into 1910, and did not leave America until about July of that year. 
While there is some general evidence of wliat Burchenal and others did, or di¬ 
rected, 1 can find no real [troof that anyone but Kayser did anything of sub¬ 
stantial moment. No step was taken by Burchenal that could possibly amount 
to invention. 

Complainant urges that the experiments of Kayser and the patents of Nor- 
inann and Kayser aimed at complete saturation and that neither realized the 
importance of a partially hydrogenized product. But the process under which 
their products were made involved in its progress partial hydrogenation, and 
Kavser’s patent No. 1,004,035 distinctly stated that “The time of treatment 
will vary with the progress realized and with the degree of saturation aimed at.” 
Ka.v8er as far as I can see did everything that was done to develop Crisco, and 
if his work fell short of this, he achieved enough so that the final step was inev¬ 
itable to one skilled in the art. Kayser’s process was the complainant's process 
and his product involved a progressive reaction fitted for any purpose. The 
broad discovery as between him and Burchenal certainly belongs to him. 

Furthermore under any fair interpretation of the patent there is no infringe¬ 
ment. The file wrapper indicates that the examiner rejected the claims as 
or.ginally filed saying: 

... If the problem of simulating lard from cotton-seed oil were pre¬ 
sented to an oil chemist, an incomplete hydrogenization of the cotton¬ 
seed oil would at once suggest itself to him as a solution of the problem. 
All the claims are accordingly rejected on the . . . groimd of lack of 
invention. 

Thereafter new claims were rejected upon the Kayser patents for the reason 
that his process amid be arrested at any time to produce an incompletely hydro¬ 
genized product. Then and for the first time Burchenal filed an amendment 
setting forth certain percentages of linolin, olein and stearin which his product 
should contain. It seems quite evident therefore that Claims I and 2 of his 
patent would under such circumstances, if valid at all, be limited to substantially 
the chemical composition described in the amended specification. Indeed the 
specification closes with the statement that the inventor has produced a product 
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which “ is high in olein, low in linolin and lesser saturated fate and with only 
enough stearin to make the product congeal at ordinary temperatures.” 

Under such circumstances it is impossible to treat the melting point as prac¬ 
tically the determining factor and if this is not done the defendant’s product 
Kream Krisp does not infringe. After the examiner had held that an incomplete 
hydrogenation would suggest itself to any chemist seeking to simulate lard and 
rejected the claims on Kayrer, the patentee as I have shown, amended by speci¬ 
fying a particular product and dwelling upon the advantages of a small percent¬ 
age of linolin to avoid rancidity. If, therefore, the inventor contributed anything 
to the art it was this special chemical composition which his patent discloses. 
Claims 1 and 2 should consequently be construed in the light of the proceedings of 
Burchenal before the Patent Office and not given a scope which would monopo¬ 
lize an art in which Normann, Kayser and others had been the real pioneers. 

Kream Krisp has a chemical composition extremely remote from that described 
in the specification of Burchenal. The following are the relative percentages: 

Burchenal. Kream Kriap. 


Per cent saturated fats 20-25 

28 

Per cent olein 

65-75 

34.3 

Per cent linolin 

5-10 

37.7 


Thus it appears that Kream Krisp instead of being low in linolin is extremely 
high, and that instead of being high in olein as specified in the Burchenal patent, 
it has a percentage of olein which differs but little from that existing in refined 
cottonseed oil unhydrogenated. In fact Kream Krisp seems to present many 
of the objections referred to in Burchenal's specification and to lack the very 
thinjp upon which the latter based his right to receive a patent. Indeed the 
composition is much closer to the lard compound Jewel made out of stearin and 
cottonseed oil than to Crisco. 

The bill should be dismissed with costs because the patent is void for lack 
of invention and for the further reason that claims 1 and 2 if properly construed 
are not infringed by the defendant. 

Dated, October 3, 1917. A. N. H., D. J. 
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In coiiiineiiting on the decision by Judge Hand in the Crisco 
case, the American Food Journal (October 1917, 567) states; 

This decision has the effect of throwing open to the food industry the right 
to mal.o a product similar to Crisco, provided that in so doing the manufacturer 
dees not infringe the process patent of E. C. Kayscr. 

Some few years ago, owing to the rapidly increasing cost of oleostearin, all 
manufacturere who dealt therein were anxiously casting about for some less 
expensive substitute therefor. The practice of producing semi-solid compounds 
made by mixing soft oils with those of stiffen consistency was in vogue in many 
lines, both industrial and edible, and was recognized as a part of the existent 
art. The Kay.ser patent, under which Crisco is made, concerns itself with the 
method by which hydrogen is made to comliine with oleic acid to form stearic 
acid, the resultant product possessing the characteristics of the saturated fatty 
acid series- !.;ss liability to turn rancid and stiffer consistency. 

Ihe Burchcnal patent was an attempt on the part of Procter & Gamble to 
maintain all the rights of a patentee as to the finished product, irrespective 
of its method of production. 

The importance of the suit is readily appreciated when it is realized that 
should the Burchenal patent have been. upheld, it would have tended to stop 
all inventive work looking toward the production of a product similar to Crisco 
but made in different fashion. While the courts are generally loath to recog¬ 
nize " product patents ” on the ground of their being against public policy, 
they are, at all times, inclined to maintain the integrity of “ process patents,” 
the distinction being very vividly brought out.in the present case. 
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BURCHENAL PATENT SUSTAINED ON APPEAL 

On appeal, tlie Court found the Burchenal patent was valid and infrinffed (Judge 
Hough and Rogers concurring, Judge Ward dissenting). The opinion, written by 
Judge Hough, reversing the deeision of the lower Court states in part,—The patent 
law does not speak in terms of Bcicnce, though scientifie evidence is necessary for the 
application of its rules. Tlie chemical (imposition of steam, water and i(i is the 
same, but they arc different things, and in the same commonsense way, oil, lard 
and stearin arc different things, although (with some chemical latitude), the oil 
may be said ultimately to become sloarin, and to pass through the lard stage on the 
way. 

It may be assumed as true that by the mixture of cottonseed oil and animal 
stearin, a substance can be produced which, for j)ractical j)urposos, is the same 
thing as Burchenal’s chemically changed cottonseed oil; but one is a mixture and the 
other is not, and, assuming the ditT(Tcnce U) be important from the standpoint of 
cither chemist or cook, it is a vital differciKte from that of the law. 

We arc, therefore, of opinion that there was invention in BurchenaVs disclosure. 
Product patents may be justly subject^id to critical scrutiny, but these claims are 
far within the border line adverted to in Fon^cm vs. Suarez, 232 Ecd. Rep., 155; 
and, just as the conversion of an abandoned machine into an operative and suc¬ 
cessful one by the introduction of new, but simple feature constitutes invention, 
so wo think that seizing upon thing A, which has been thing B, and was to become 
thing C, and utilizing the half-made but different product amounted to an invention 
which is duly set forth in this application. 

The finding below, that Burchenal was not the inventor of what ever invention is 
revealed, is really a declaration that one Kayzer did the inventing, and Burchenal, 
for some inexplicable reason appropriated it. This is an affirmative defence and 
must be sustained by a fair prepondercnce of credible evidence. Burchenal swore 
to invention in the statutory form, and the presumption of validity extends to the 
identity of the inventor, for certainly nothing could be more completely invalid than 
a patent for invention to one who invented nothing 

******* 

We are satisfied of the truth (entirely apart from all presumptions) of defendants’ 
testimony that it was not until Kayzer had returned to England, or was on the point 
of going, that it occurred to anyone that it was not necessary to first harden by 
hydrogenic saturation the cottonseed oil and then mix it with the fluid article in 
order to make a lard-like compound—but that the hardening process might be 
arrested in the manner and for the purposes disclosed by Burchcnal’s application. 

Assuming now that this mental operation or discovery in the sense of the patent 
law amounted to invention, we not only find no evidence that Burchenal was not 
the inventor, but it is a strain upon credulity to believe that when this plaintiff cor¬ 
poration might just as well have advanced an application in Kayzer’s name it delib¬ 
erately preferred the fraud of prosecuting it in that of Burchenal. 

It may be, and we think is, quite true that the evidence reveals Burchenal as 
not primarily a chemist, but a man of business deeply interested in the advancement 
of his corporation’s prosperity. We recognize the fact that there is a fundamental 
difference between ‘'new articles of manufacture and new articles of commerce”; 
and it, may also be quite true that Burchenal’s contribution to the sum of human 
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knowledge grew out of the trained business man’s observation of the possibilities of 
a chemist’s process, which he was himself quite incai>able of devising. 

But just as it is immaterial whether a patentee “understands or correctly states 
the theory or philosophy of the mechanism which produces” his new result, so it is 
immaterial whether, when Burchenal observed and seized upon as a new and useful 
thing a half hydrogenically saturated oil, he was actuated rather by commercial 
instinct than acquired chemical knowledge. It is enougjj that he had both a mental 
conception and a tangible reduction to jjracticc, and that is all that the patent law 
requires. Quite possibly this patentee would never have conceived the thought, 
had he not watched Kayzer, but he could and did get something out of Kayzer’s 
train of jdienomena, which the latter neither thought of, nor reduced to practice. 

The final objection to a decree in plaintiff’s favor is that properly construed the 
claims in suit arc not infringed becaiuse (o) the defendant’s product wudely varies 
from that of the patent in the relative percentages of saturated fats, olein and lin- 
olin, (h) the jjrocess pursued by defendant in making its product differs radically 
from that said to be disclosed or a.s.sumeel in the patent in suit, and (c) that said 
claims arc to be regarded a.s strictly limited, if not substantially abandoned, through 
or by reason of the pro(«edinga in the Patent Office as revealed by file wrapper con¬ 
tents. 

As to the first jioint («) it is enough to note that, while the variation insisted upon 
is true, it must, to negative infringement, be at least a variation extending beyond 
the limits of a valid claim read in the light of the disclosure. 

In this instance it is not denied that what the defendant makes and sells is not 
only lard-like, homogeneous in the sense of mixturele.s8, and wholly consisting of an 
incomiilctely hydrogenized cottomseed oil, but it is within the limits of iodin-valuc, 
titre and melting points specified in the apidication. Therefore, it is an infringement. 

It is true {!>) that defendant’s jiroccss of manufac'ture is very different from that 
of plaintiff, and we are willing to assume it different from and better than anything 
known to Burchenal or devcloi)€d by Kayzer. But this patent is upon a product, 
and, if the i)roduct complained of is the patented article substantially as described, 
it makes no difference by what path or process, new or old, inferior or improved, the 
infringing product is manufactured. 

***••*• 

For the reasons stated the decree appealed from is reversed with costs both here 
and below, and the cause remanded with directions to enter a decree adjudging 
Claim 1 and '2 valid and infringed. 

Judge Ward, in expressing a dissenting opinion, stated that he considered the 
District Judge right in holding the patent void for lack of invention. To apply 
semi-solid hydrogenized oil as a substitute for lard in cooking was no doubt novel 
and useful, but was not, in his opinion, invention. To one skilled in chemical art 
such use was as obvious as were the many mechanical improvements, which, though 
new and useful, have been held not inventions within the capacity of those skilled 
in the art. 

There was nothing revolutionary about this new use. Fats satisfactory for 
culinary needs are abundantly available, yet the complainant is given a monopoly 
of all semi-solid homogeneous hydrogenized vegetable oils, however produced, 
when applied to culinary purposes. 
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Adam, 60. 

Adamla, 283. 

Adams, 387. 

Adam's apparatus, 60. 

Addition of hydrogen to fatty oils, 282. 
Addition of oxygen to fatty oil, 282. 
Adhesion of resulting soap, prevention 
of, 370. 

Adsor{)tion, 272. 

Aeration of fat, 331. 

Aeronautics, hydrogen for, 534. 

Agde, 218, 221. 

Agitation, 102. 

Agitation by Arnold's apparatus, 81. 
Agitation during hydrogenation, 620,626. 
Agitation, effect of, 26, 82, 99. 

Agulhon, 108. 

Aigner, .558. 

Air, effect on catalyzer, 110. 

Air in hydrogen, 592. 

Albright, 255, 306. 

Albumen, 350. 

Albumin, 118. 

Albumin in oils, 109. 

Alcohol, 67, 271, 423. 

Alcohol, amyl, 86. 

Alcohol, denatured, 408. 

Alcohol ethyl, 86. 

Alcohol, fatty, 284. 

Alcohol in soap, 376. 

Alcohol, octodetfyl, 284. 

Alcohol vapor, 210. 


Aldehyde, 205, 271, 332, 423. 

Aldehydic impurities, 219. 

Alkaloids, reduction of, 246. 

Alkali ferrite, 458. 

Alkali refining, 162. 

Allbright-Nell Co., 321. 

Allen, 630. 

Allotropic condition, 273. 

Allotropic form of natural stearine, 292. 
Alloy of nickel and cobalt, 95. 

Alloys, hydrogen absorption, 278. 

Alloys, steel, ,529. 

Allylacetic acid, 280. 

Allyl isotniocyanate, 255. 

Allylmalonic acid, 280. 

Almond oil, 301, 310, 658. 

Alpha benzildioxime, 296. 

Altmayer, 271. 

Alumina, 111, 117, 1.50, 151, 167, 168, 
171, 173, 192, 195, 254, 262, 348, 428. 
Aluminate silicate, 260. 

Aluminate, sodium, 176. 

Aluminum, 1,51, 161, 246, 248, 267, 421, 
422, 437, 499, 502, 519, 522. 

Aluminum acetate, 152. 

Aluminum activated, 595. 

Aluminum, activation of, ,532. 

Aluminum and caustic soda, 532, 595. 
Aluminum borate, 155. 

Aluminum boride, 144. 

Aluminum chloride use on oils, 329. 
Aluminum chloride, 418, 425. 

Aluminum hydrate, 192, 262. 

Aluminum nitrate, 153, 452, 455. 
Aluminum oxide, 119. 

Aluminum phosphate, 152. 

Aluminum powder, 523. 

Aluminum silicate, 187, 429. 

Aluminum silicide, 520. 

Aluminum silicofiuoride, 156. 

Aluminum sodium silicide, 519. 
Aluminum sulphate, 153, 263. 

Aluminum under pressure, effect of, 419. 
Aluminum, zinc, tin, alloy, 525. 
Alundum, 192, 531. 

Amalgam, sodium, 273. 

Amalgamation, 532. 

Amalgamated electrolyzer, 558. 
Amberger, 6, 252, 253, 255, 261, 306, 
318,337. 
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American Cotton Oil Company, 334, 
American Food Journal, 707. 

American Leather Chemists Association, 
405. 

American Linseed Co., 387. 

American Oxhydric Company, 547. 
Amicrons, 218. 

Amines, 84, 165, 168. 

Aminophenol, 8. 

Ammonia, 169, 251, 254,259,433, 532. 
Ammonia and fatty acid, 84. 

Ammonia for reduction, 171. 

Ammonia, oxidation of, 256. 

Ammoniacal cuprous chloride solution, 
599. 

Ammonium borate, 84, 191. 

Ammonium chloride for reduction, 171. 
Ammonium chromate, 455. 

Ammonium phosphate, 155. 

Ammonium selenite, 1.55. 

Ammonium zeolite, 261. 

Amorphous carbon, 274. 

Amorphous palladium, 272. 

Amount of catalyzer, 99. 

Amyl alcohol, 86. 

Amyl oleate, 91. 

Amylene, 116. 

Analcime, 261. 

Analyses of hardened oils, 325. 
Analytical constants of hydrogenated 
oil, 281. 

Analytical determination of free nickel, 
203. 

Andelitc, 363. 

Andersen, 106. 

Anderson, 314, 662, 671, 672. 

Andrew, 269. 

Anethole, 86. 

Anhydrides, formation of, 285. 
Anhydrous alumina, 262. 

Anhydrous nickel oxide, 114. 

Anhydrous oxides and hydrates of 
nickel, 116. 

Anilides, 84, 91. 

Aniline, 91, 107, 153, 248, 614. 

Aniline and oleic acid, 91. 

Animal charcoal, 249. 

Animal fats, hydrogenated, 242, 333. 
Animal oils, hardened, 372. 

Anode, cobalt, 577. 


Anode, platinum, 280. 

Anode, zinc, 274. 

Anthracene, 220, 222. 

Anti-catalytic action of certain metals,. 
248. 

Anti-catalytic bodies, effect of, 249. 
Anti-catalytit substane.es, see catalyzer 
poisons. 

Antimony, 246,265, 455. 

Antimony bromide, 164. 

Aouara, 402. 

Apparatus for circulation of hydrogen 
gas, 26. 

Apparatus for extraction of nickel, 234. 
Apparatus for hydrogen at high pressure, 
529. 

Apparatus for laboratory hydrogenation, 
76. 

Apparatus for making catalytic material, 
157. 

Apparatus for reducing metallic oxides, 
156. 

Apparatus for separating hydrogen from 
other constituents of water gas, 465. 
Apparatus, hydrogenation, 414. 
Apparatus of Arnold, 81. 

Apparatus of Charlton, 62. 

Apparatus of Chisholm, 57. 

Apparatus of de Jahn, 68. 

Apparatus of Hemptinne, 31. 

Apparatus of Higgins, 95. 

Apparatus of Hoehn, 82. 

Apparatus of Humphreys, 64. 

Apparatus of Ittner, 93. 

Apparatus of Sugita, 93. 

Apparatus of Voswinckel, 52. 

Apparatus, reduction, 171. 

Application of electricity, 3. 

Arabic, gum, 200. 

Arachidic acid, 285, 286, 299, 309, 314, 
345. 

Arachidic acid in hydrogenated men¬ 
haden oil, 299. 

Arc decomposition of water, 558. 

^rc, iron, 62. 

Arc method, 245. 

Arc on petroleum oils, 419. 

Arc process, 142. 

Ardery, 534. 

Ardol, Ltd., 603. 
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Annita;^, 400. 

Armour & Co., 367. 

Arnold, 81. 

Aromatic amines, 168. 

Aromatic compoimds, 246. 

Aromatic compounds by dehydrogena¬ 
tion, 434. , 

Aromatic hydrocarbons, 426. 

Aromatic hydrocarbons as solvents, 96. 
Aromatic hydrocarbons from coal, 437. 
Aromatic substances, 222. 

Aromatic sulpho-fatty acids, 398. 
Arsenic, 153, 232, 254, 443, 596, 609. 
Arsenic as a poison, 14. 

Arsenic in hydrogen, 163. 

Arsenic oxide, 164. 

Arseniuretted hydrogen, 609. 
Arseniuretted hydrogen, removal of, 596 
Artificial geranium oil, 376. 

Artificial lard, 354. 

Asbestos, 56, 67, 133, 135, 139, 171, 174, 
190, 198, 239, 251, 252, 254, 259, 391, 
404, 420, 432, 449, 485, 693. 

Asbestos cloth partition, 537. 

Asbestos, diaphragm, 559, 560, 563, 565, 
570, 578, 581, 584, 589, 591. 

Asbestos, nickelized, 12. 

Asbestos, nickel on, 391. 

Asche, 356. 

Ash, 395. 

Ash, content of, 327. 

Ash of hardened oil, 305. 

Ash of hydrogenated oil, 361. 

Ash of oil, 295. 

Ashe, 341. 

Asp bock, 60. 

Asphalt, 420. 

Assimilation of fats, 326. 

Astbury, 614. 

Atack, 296. 

Atkinson, 343. 

Atomization, cathode, 74. 

Atomization of hydrogenated oil, 342. 
Atomizing process, 13. 

Auerbach, 267, 324, 359. ^ 

Aufrecht, 294. 

Autoclave treatment, 371. 

Automatic control of Burdett appara¬ 
tus, 563. 

Automatic control, system of, 586. 


Bacon, 176, 423, 481, 646, 656, 691. 
Bacteria free whale oil, 330. 

Badische Co., 52,152,168,173,176,254, 
256, 259, 423, 449, 451, 453, 456, 469, 
476, 498, 499, 529, 696, 599. 

Baffle plate system, 95. 

Baillio, 530. 

Baker, 421. 

Baku oil, 424. 

Baku petroleum, 258. 

Ballantyne, 615, 623. 

Ballingall, 508. 

Balloons, inflation of with hydrogen, 
533. 

Bamberger, 520. 

Bancroft, 166. 

Barbe, 79. 

Barium chlorate, 273. 

Barium chloride, 250, 257. 

Barium chromate, 155. 

Barium hydrate, 458. 

Barium nitrate, 155. 

Barium oxide, 152. 

Barium sulphate, .526, 534. 

Barium sulphide, 535. 

Barium tungstate, 155. 

Barnes, 85. 

Barnitz, 107. 

Bartels, 9, 124, 128, 183, 211, 215, 220, 
226. 

Barth, 559. 

Barth system, 483. 

Barth vaporisation chamber, 483. 
Barton system, 515. 

Barus, 443. 

Baryta, 428. 

Base metals as catalyzers, 108, 118, 146, 
172, 199. 

Basic compounds as catalyzer formative 
material, 129. 

Basic nickel carbonate, 98, 224, 225. 
Basic olcate of copper, 196. 

Baskerville, 95, 140, 167, 637, 638, 641, 
667, 670, 671, 689. 

Bassano, 85. 

Batch methods, 643. 

Batch process, 693. 

Baudouin reaction, 242. 

Baudouin test, 309, 325. 

Bauer, 88. 
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Bauxite, 428. 

Becchi & Haiphen reaction, 242. 

Beochi method, 205. 

Becchi test, 285, 309, 638. 

Bedford, 8, 12, 13, 19, 50, 51, 89, 108, 
109, 118, 120, 121, 122, 123, 128, 130, 
133, 138, 199, 203, 208, 209, 210, 211, 
220, 222, 224, 292, 400, 406, 465, 643, 
657, 697. 

Bedford’s apparatus, 51. 
Bedford-Erdmann Process, 126. 

Beef fat, 355. 

Beef tallow, 289, 309, 325, 365, 371. 
Beeswax, hydrogen from, 473. 

Bchenic acid, 28.5, 298, 314, 315, 440. 
Beketoff, 276. 

Bell-collcctor type of generator, 556. 
Bellier’s reaction, 309. 

Bellucci, 138, 204. 

Belou, 500. 

Belting, 408. 

Bcnker, 556. 

Bennie, 519. 

Benzaldehyde, reducing effect of, 205. 
Benzene, 67, 160, 424, 426, 430, 431, 
438, 621. See also Benzol. 

Benzene from petroleum, 422. 
Benzildioxime, 296. 

Benzine, 419, 423. 

Benzine-xylene, 292. 

Benzoate, nickel, 186. 

Benzol, see also Benzene. 

Benzol, 419, 424, 434. 

Benzol, carbonyl in, 233. 

Benzol extraction of catalyzer, 214. 
Benzol for degreasing, 219. 

Benzol, hydrogenation of, 270. 

Benzol ring, 175. 

Benzyl acetate, 376. 

Benzyl oleate, 91. 

Bequevort, 517. 

Bergen, 249. 

Bergius, 79, 106, 256, 339, 431, 613, 519. 
Bergius high-pressure process, 527. 
Bergo, 371, 386. 

Berlin Mills Co., 644, 650. 
Berlin-Anhaltische Maschinenbau, A. G., 
474, 476, 600, 599. 

Berlin-Anhaltische Maschinenbau, .A.G., 
Process of, 614. 


Bernegau, 357. 

Berthclot, 230, 231, 232. 

Beryllium, 455. 

Beryllium oxide, 152. 

Beta-naphthol, 220. 

Bettendorf plant, 670. 

Bianchi, 29\ 

Biazzo, 315, 310. 

Bichromate method, 313. 

Bilheimer, 280. 

Billwillcr, 431. 

Bipolar electrode generator, 688. 

Bipolar electrodes, 541. 

Bipolar generator, 571. 

Birkeland, 36, 72, 419. 

Bismuth, 246, 248, 266. 

Bisulphide, carbon, 15, 160, 165, 318, 
443. 

Bitter almond oil, 377. 

Bitumen, hydrogen from, 473. 

Black, palladium, 5, 11. 

Blankenhorn, 107. 

Blankit, 388. 

Bleaching oils, 61. 

Blended hydrogenated oil, 344. 

Blue chamomile oil, 256. 

Blum, 107, 440. 

Boherg, 120, 142. 

Baking powder and hydrogenated fat, 
343. 

Bock, 49, 60, 520. 

Boehringer & Soehne, 5, 106, 210, 244. 
Boeseken, 101, 260, 280. 

Bog iron ore, 511. 

Bohm, 119, 125, 328, 329, 382. 

Bomer, 283, 288, 289, 291, 324, 325, 443. 
Bomer method, 308. 

Bond ethylene, 271. 

Bone fat, 364, 386. 

Bontoux, 339, 398, .534. 

Borate, 154, 178, 525. 

Borate, aluminum, 155. 

Borate, ammonia, 84. 

Borate, ammonium, 191. 

^orate, calcium, 191. 

Borate, nickel, 179, 207. 

Boric acid, 154, 520. 

Boride, aluminum, 144. 

Boride, nickel, 186. 

Borueol, 106, 128. 
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Boron, 152, 

Boron as catalyzer, 143. 

Boron, calcium fluoride, 156. 

Boron hydride, 143. 

Bosch, 155, 190, 451, 454, 473, 598, 600. 
Bosch hydrogen producer, 509. 
Bosshard, 184, 314. , 

Bouant, 325. 

Boudet, 329. 

Boudouard, 450. 

Boudouin test, 286. 

Boyce, 210, 334, 335, 675. 

Boynton's Device, 591. 

Boys, 424. 

Bragnier, 3, 

Brahmer, 441, 496. 

Bramkamp, 592. 

Brass, 432. 

Brauer, 356. 

Bread, 342, 356, 646. 

Bread, hydrogenated fats in, 341. 

Bread shortening, 342. 

Brebesol, 323. 

Brecht, 321. 

Bredig, 245, 279, 419. 

Bredig method, 33. 

Bremen-Besigheimer, 7, 43, 105, 132, 
139, 185, 198, 323. 

Breteau, 137. 

Brief for Defendant, 649. 

Brief for Platintiff, 630. 

Brindley, 519. 

Brine, temperature of, 321. 

Brine, use of, 370. 

Briquettes for making hydrogen, 502. 
Briquettes, iron, 501. 

Briquettes of iron oxide, 499. 

British comptroller, 534. 

Brochet, 36, 86. 

Bromate, potassium, 274. 

Bromide, antimony, 164. 

Bromide silver, 273. 

Bromide test, 288. 

Bromides, 303. 

Bromides, insoluble, 314. 

Brominated fatty acids, 392. 
Bromination, heat of, 101. 

Bromination test, 303. 

Bromine, 113,160,164, 301, 443, 465. 
Bromine compounds, 285. 


Bromine reaction, 302. 

Bromine test, 288. 

Brooks, 403, 405, 423, 425, 481. 

Brown, 85, 434. 

Brownell, 602. 

Browning, property of, 332. 

Brownlee, 480. 

Brudenne, 85. 

Brunjes, 207. 

Brunner, 484. 

Brunner, Mond & Co., 611. 

Bruno, 517. 

Bruno Waser, 5, 

Bryant, 85. 

Bubbling process, 25. 

Buchanan, 458. 

Bucknam, 584. 

BulTa, 561. 

Buffing compound, 411. 

Bujanadse, 424. 

Bulletin of Imperial Institute, 108. 
Bull’s acid, 314. 

Bulteel, 20. 

Bunte, 476. 

Burchenal, 159, 344, 345, 031, 036, 648, 
650, 651, 662, 671, 677, 679. 

Burchenal interference, 684, 685. 
Burchenal product, 696. 

Burdett system, 562. 

Bureau of Animal Industry, 326. 

Bureau of Animal Industry method, 308. 
Bureau of Mines, 601. 

Burnt clay, 69. 

Burroughs, 418. 

Butter, 660. 

Butter, artificial, 329. 

Butter color, 332. 

Butter fat hydrogenated, 337. 

Butter, hydrogenated oil in, 297. 
Butter-like product, 648, 696. 

Butter-like substance, 640. 

Butter, property of browning when 
heated, 332. 

Butter, renovated, 329. 

Butter substitute, 107, 346, 354, 684. 
Butter, test lor hardened oil in, 297. 
Buttlar, 32. 

Butyrates, 48. 

Butyric acid, 337, 280. 

Butyrin, 337. 
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Butyrodiolein, 337. 

Butyro-palmito olein, 337. 

Butyl olcatc, 90. 

By-product fats, 348. 

By-product hydroRcn, 440. 

By-product hydrogen, purification of, 
600. 

Byrne, 603. 

Byrom, 177. 

Cabaret, 86. 

Cacao butter, 310. 

Cadmium, 246, 265. 

Caking of iron, 491. 

Calamary oil, 392. 

Calcination, nickel oxide obtained by, 
11.5. 

Calcium, 1.50. 

Calcium aluminate, 152. 

Calcium borate, 191. 

Calcium-boron fluoride, 1.56. 

Calcium carbide, 467, 597. 

Calcium carbonate and palladium, 316. 
Calcium formate, 446. 

Calcium hydride, ,520, 533, 595. 

Calcium manganite, 21. 

Calcium nitrate, 155, 190, 452. 

Calcium oxide, 1,52. 

Calcium phosphate, 190. 

Calcium silicofluoride, 156. 

Calcium sulphate, 151. 

Calcium vanadate, 155. 

California commission, 602 
California petroleum, 418. 

Calvert, 69, 70, 71, 72. 

Calvert’s high pressure apparatus, 69. 
Calvert system, 44. 

Cambacdrds, 85. 

Camphene, 245. 

Camphor, 128. 

Canadian Department of Mines, 241. 
Canadian nickel copper matte, 236. 
Cancellit, 383. 

Candelite, 283, 284, 287, 311, 361, 362, 
363, 368, 373, 375, 386, 394. 

Candelite in toilet soaps, 365. 

Candies, 335. 

Candles, 83, 381, 40tf 
Candle fish oil, 411. 

Candle industry, 373, 398. 


Candle material, fatty acids for, 378. 
Candles, nickel in, 381. 

Candle, stcarine, 378. 

Candolit, 363. 

Capacity of hardened fats for holding 
water, 355. 

Caproic acid, 337. 

Caproin, 337. 

Capryl bodies, 332. 

Carbide, calcium, 467, 597. 

Carbide, iron, 502. 

Carbide, nickel, 120, 138, 186, 222. 
Carbides, 220. 

Carbohydrates, 121, 411. 

Carbohydrates and hydrogenated oil, 
343. 

Carbon, 149, 151, 173, 259, 438. 

Carbon, active, 21. 

Carbon, amorphous, 274. 

Carbon as catalyzer, 438. 

Carbon bisulphide, 15,160,165,166,443, 
597, 598. 

Carbon black and hydrogen by decom¬ 
position of hydrocarbons, 481. 

Carbon catalyzer, 150. 

Carbon charged with hydrogen, 272. 
Carbon, cocoanut, 273. 

Carbon, colloidal, 420. 

Carbon compounds, treatment with 
hydrogen, 173. 

Carbon, crystalline, 274. 

Carbon deposits, removal of, 436. 

Carbon dioxide, 137, 169, 194, 231, 274, 
316, 443, 448. 

Carbon dioxide and iron, 517. 

Carbon dioxide, boiling point, 461. 
Carbon dioxide, removal of, 465,468,599. 
Carbon disulphide. 318. 

Carbon, effect on fats, 186. 

Carbon, formation in hydrogen genera¬ 
tor, 492. 

Carhon, in making hydrogen, 527. 
Carbon monoxide, 20, 42, 110, 112, 166, 
169, 194, 210, 231, 233, 237, 240, 241, 

• 250, 274, 423, 437, 442, 443, 470, 595. 
Carbon monoxide, action on nickel, 229 
Carbon monoxide and calcium hydrate, 
reaction between, 469. 

Carbon monoxide and hydrogen on iron 
oxides, action of, 502. 
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Carbon monoxide and steam over 
catalytic material, 451. 

Carbon monoxide and water vapor, 107. 

Carbon monoxide, boiling point, 461. 

Carbon monoxide, conversion into 
methane, 454. 

Carbon monoxide, dry, 217/ 

Carbon monoxide equilibrium, 450. 

Carbon monoxide, generation of, 521. 

Carbon monoxide in hydrogen, 492. 

Carbon monoxide in hydrogen, presence 
of, 40. 

Carbon monoxide lime and steam. 444 

Carbon monoxide, liquefaction, 460. 

Carbon monoxide, removal of, 467, 468, 
476, 480, .597, 599, 600. 

Carbon monoxide, removal by solvents, 
460. 

Carbon monoxide, removal from hydro¬ 
gen, 596. 

Carbon monoxide, replacement by hy¬ 
drogen, 444. 

Carbon monoxide, steam and alkali, 
hydrogen from, 458. 

Carbon, nascent, 150. 

Carbon, oxides of, 153, 611. 

Carbon oxychloride, 230. 

Carbon, tetrachloride, 67. 

Carbonate, copper, 56. 

Carbonate, nickel, 41, 52, 54, 56, 58,120, 
128, 138, 142, 147, 154, 159, 165, 
177, 186, 187, 190, 193, 197, 200, 202, 
219, 224, 225. 233, 316, 437, 613, 617. 

Carbonate of nickel, basic, 98. 

Carbonate, regeneration of, 446. 

Carbonates, 153. 

■ Carbonic acid, 251, 448. 

Carbonic oxide, 230, 232, 234, 237. 

Carbonic oxide gas, 521. 

Carbonium, 595. 

Carbonium Co., 472. 

Carbonizing of catalyzers, 113 

Carbonyl apparatus, 234. 

Carbonyl, nickel, 20,41,43, 63,119,135, 
141, 177, 198, 204, 207, 210, 229, 232,. 
233, 239, 443, 456, 480. 

Carbonyl, poisonous vapor, 233. 

Carbonyl reaction, 204, 214, 217, 227. 

Carbpnyl, reviving sluggish nickel, 232. 

Carbonyl test, 184. 


Carborundum, 173, 411. 

Carboxyl group, 325. 

Caro, 40, 443, 462, 501. 

Carpenter, 597. 

Carrier of copper, 243. 

Carriers, 117, 151. 

Carriers, effect of various, 248. 

Carriers for catalytic metal, 178. 
Carriers, hydrogen, 275. 

Carughi, 6. 

Carulla, 515. 

Ca.sein, 332. 

Cast iron, 267. 

Ca-stor oil, 29, 39, 88, 188, 242, 244, 248, 
2.50, 2,59, 275, 283, 297, 309, 313, 337, 
348, 3.59, 375, 381, 389, 394, 398, 109, 
6.59. 

Castor oil, hydrogenated, 284. 

Catalysis, capriciousness of, 619. 
Catalysis effect of hydrides, 275. 
Catalysis, nickel, 270. 

Catalyst from lixiviated alkali ferrite, 
459. 

Catalyst, metal, 3.56. 

Catalyst, osmium, 2.59. 

Catalysts, production at low temper.a- 
turc, 146. 

Catalytic action of nickel oxides, 211. 
Catalytic action, u.se of formic acid, 194. 
Catalytic activity, 121. 

Catalytic activity of iron and nickel, 
137. 

Catalytic agent, 344. 

Catalytic decomposition of carbon mon- 
oide with nickel, 4,53. 

Catalytic dehydrogenation by palla¬ 
dium, 257. 

Catalytic efficiency, development of, 132. 
Catalytic material, exposure to a partial 
vacuum, 158. 

Catalytic material, life of, 113. 

Catalytic material prepared from nickel 
salts, 140. 

Catalytic metal in oil, 319. 

Catalytic nickel, nickel carbonyl as a 
source of, 229. 

Catalytic nickel, peculiarities of, 114. 
Catalytic palladium, cost of, 63. 

Catalytic palladium, powerful, 315. 
Catalytic plates, 432. 
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Catalytic process, development by 
Kayser, 212. 

Catalytically active, nickel black, 210. 
Catalyzer, activation by oxygen, 260 
Catalyzer, analysis of used, 227. 
Catalyzer, amount of, 99. 

Catalyzer arc process, 142. 

Catalyzer balls, 160 

Catalyzer, benzol insoluble bodies, 227. 
Catalyzer, by electric arc, 142. 

Catalyzer by electrolysis, 175. 

Catalyzer, carbon, 150, 259, 438. 
Catalyzer, carbon in, 133, 149. 
Catalyzer, cerium oxide, 21. 

Catalyzer, cobalt copper, 146. 

Catalyzer, cobalt oxide, 199. 

Catalyzer, colloidal sealed in oil, 160. 
Catalyzer, coloration by, 213. 

Catalyzer, comparison of activity, 187. 
Catalyzer, composite, 147. 

Catalyzer containing cobalt, preparation 
of, 4,52. 

Catalyzer, continuous process of making, 
144. 

Catalyzer cubes, 160. 

Catalyzer, dehydrogenating, 270. 
Catalyzer, detoxication, 162. 

Catalyzer diaphragm, 639. 

Catalyzer, effect of a carrier, 187. 
Catalyzer, effect of air, 110. 

Catalyzer, effect of alumina, 168. 
Catalyzer, fff(^ct of fine division, 168. 
Catalyzer, effect of fluorides, 156. 
Catalyzer, effect of liquid on, 13. 
Catalyzer, effect of oxygen on, 264. 
Catalyzer, effect of phosphates, 190. 
Catalyzer, effect of water, 221, 220. 
Catalyzer, electrical comminution, 217. 
Catalyzer, electrical conductivity, 182. 
Catalyzer, electrical disintegration, 142. 
Catalyzer, electrically disintegrated, 174. 
Catalyzer, electrolytic, 257. 

Catalyzer, extraction of fat, 214. 
Catalyzer, filtration of, 189. 

Catalyzer, finely divided, 624. 

Catalyzer, finely divided nickel, 212. 
Catalyzer, fineness of, 624. 

Catalyzer, flaky nickel, 140. 

Catalyzer, flaky, recovery of, 141. 
Catalyzer, flocculated, 215. 


Catalyzer, fluffy, 263. 

Catalyzer for cracking oil, 420. 
Catalyzer for cracking petroleum oils, 
426. 

Catalyzer for fatty acids, 263. 

Catalyzer for hydrocarbons, 151. 
Catalyzer fo» making hydrogen, 451, 
457, 476, 480. 

Catalyzer for oxidation of ammonia, 
256. 

Catalyzer for propylene, 260. 

Catalyzer, formates, 191. 

Catalyzer, formates for, 190. 

Catalyzer, free nickel necessary, 211. 
Catalyzer from nickel carbonate, 159, 

187. 

Catalyzer from nickel hydrate, 172. 
Catalyzer gauze, electrically heated, 449. 
Catalyzer, ignition, 167, 264. 

Catalyzer, impurities in oil, 311. 
Catalyzer, in Bergius process, 529. 
Catalyzer, inclined reducing tube, 157. 
Catalyzer in oil, 43. 

Catalyzer, iron-copper, 146. 

Catalyzer, iron oxide, 199. 

Catalyzer, Kast, 129. 

Catalyzer, Kayser Kieselguhr, 131. 
Catalyzer, Lane process, 171. 

Catalyzer, lead oxide, 21. 

Catalyzer, magnetic, 169, 227. 

Catalyzer, making, 610. 

Catalyzer, manganese oxide, 21. 
Catalyzer, metallic condition of, 130. 
Catalyzer, metallo-organic compounds, 

188. 

Catalyzer, metallo-organic salts, 130. 
Catalyzer, methods of preparation, 165. 
Catalyzer, nickel, 98, 118, 284, 324, 325, 
357, 361. 

Catalyzer, nickel alumina, 171, 176, 192. 
Catalyzer, nickel and carbon, 186. 
Catalyzer, nickel and glass, 176. 
Catalyzer, nickel and nickel carbonate, 
225. 

Qatalyzer, nickel borate, 179. 

Catalyzer, nickel borate and silicate, 185. 
Catalyzer, nickel carbonate, 1%, 225. 
Catalyzer, nickel carbonyl, 177,207,229, 
456. 

Catalyzer, nickel-charcoal, 149. 
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Chloric acid, 273. 

Chloride, barium, 250, 257. 

Chloride, cupric, 230. 

Chloride, cuprous, 231. 

Chloride, ferric, 273. 

Chloride, mercuric, 247. 

Chloride, mercury, 144. c 
Chloride, nickel, 131, 166, 328. 

Chloride of zinc proceas, 3. 

Chloride, palladium, 55, 63, 78, 100,140, 
242,246,256,270. 

Chloride, i>alladious, 253, 255. 

Chloride, platinum, 147, 242, 260, 264. 
Chloride, silver, 273. 

Chloride, sodium, 164, 166. 

Chloride, sulphur, 164. 

Chloride, tin, 164. 

Chloride, zinc, 164. 

Chlorides, 162. 

Chlorides of platinum and palladium, 
249. 

Chlorides of the platinum metals, 243. 
Chlorine, 109, 112, 113, 118, 1.53, 160, 
166, 198, 208, 440, 443, 451, 453, 4.55, 
596,610, 615. 

Chlorine as a substitute for iodine, 

2 . 

Chlorine determination, 316. 
Chloroform, 15, 67, 443. 

Chlorohydroxy, fatty acids, 84. 
Chloroplatinate, potassium, 243. 
Chlorplatinic acid, 248. 

Chlorplatinic acid, reduction of, 247. 
Chlor-stearic acid, 2. 

Chocolate, 335. 

Chocolate creams, 346. 

Cholesterol, 283, 284, 289, 291, 294, 310, 
311. 

Chromate, barium, 155. 

Chromates, 178. 

Chromium, 151, 276, 422, 426, 428, 455, 
499. 

Chromium hydrate, 262. 

Chromium nitrate, 155, 453, 455. 
Chromium oxide, 152, 501, , 

Chrysalis oil, 311, 361, 402. 

Chrysalis oil refining, 311. 

Churchill & Co., 589. 

Cinnamic acid, 86, 187, 222, 260. 
Cinnamic acid, methyl ester, 86. 


Cinnamic acid, sodium salt, 86. 
Cinnamylcocaine, 210. 

Circulation of hydrogen, 26. 

Citraconic acid, 280. 

Citrates, 48. 

Citrates in electrolyte, ,502. 

Clark, 481. 

Classen, 2.57. 

Classification of catalyzers, 117. 

Claude, 466. 

Claude apparatus, 468. 

Claude Co., 467. 

Clausmann, .502. 

Claver, .501. 

Clay, 133, 1.54, 168, 173, 187, 192, 197, 
252, 2.54, 423, 429, 433, 501. 

Clay, porous, 131. 

Clay, i)orous burnt, 69. 

Clayton, 3,55. 

Cleavage, 379, 394, 398. 

Cleavage reagent, 29. 

Clupanodonic acid, 88, 287, 360, 390, 
392, 440. 

Clup,anodonin, 396. 

Coal ga.s, 240. 

Coal, method of hydrogenating, 431. 
Coal, treatment of, 437. 

Coal used as a carrier, 254. 

Coast, 430. 

Cobalt, 24, 54, 69, 95, 96, 110, 112, 136, 
151, 1.52, 158, 175, 187, 1<M), 198, 230, 
235, 248, 270, 275, 276, 404, 422, 423, 
426, 427, 428, 430, 433, 438, 451, 455, 
.502, 531, 605, 609, 611, 613, 618, 621, 
628. 

Cobalt anode, 577. 

Cobalt catalyzer, 452. 

Cobalt chloride, 149. 

Cobalt-copper, 136. 

Cobalt, fatty acid salts, 193. 

Cobalt, flaky, 141. 

Cobalt formate, 191. 

Cobalt gauze, 449. 

Cobalt hydrate, 146, 

Cobalt hydride, 275, 

Cobalt hydroxide, 88. 

Cobalt in making hydrogen, 448. 
Cobalt-nickel catalyzer, 128. 

Cobalt nitrate, 146, 452. 

Cobalt, organic salts of, 47,130. 
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Cobalt oxide, 88,112,146,199, 262,402, 
452. 

Cobalt, reduced, 267. 

Cobalt soap, 195. 

Cobalt-steel, 136. 

Cobalt solutions, reduetion of, 170. 

Cocoa butter, 335. 

Cocoa butter substitutes, 337. 

Cocoanut carbon, 273. 

Cocoanut charcoal, gas-free, 274. 
Cocoanut oil, 88, 282, 290, 309, 319, 331, 
333, 335, 355, 3.59, 304, 365, 300, 308, 
369, 370, 373, 375, 388, 393, 398, 409, 
439, 692. 

Cocoanut oil soap, recipe for, 368. 
Cocoanut oil .soaps, 367. 

Cocatalysts, 262. 

Codex alimentarius Austriacus, 294. 

Cod liver oil, 242, 275, 310, 348, 637. 
Coil oil, 162, 301. 

Coefficient of reduction, 126. 

Coefficients of digestibility, 692. 
Co-extended metal, 130. 

Coke, 75, 259, 423. 

Coke and palladium catalyzer, 62. 

Coke, hydrogen from, 447. 

Coke oven gas, 442. 

Cold procejjs shaving soap, 308. 

Cold process soaps, 309. 

Cold process soaps, talgol in, 366. 
Coleman, 241. 

Colletas, n, 256. 

Collins, 550. 

Colloid, nitrogenous, 171. 

Colloid protective, 244, 255, 257. 
Collodial carbon, 420. 

Colloidal caialyzer, disadvantage of, 309. 
Collodial catalyzer, sealed in oil, 160. 
Collodial hydroxides of osmium and 
ruthenium, 2.58. 

Colloidal nickel, 122, 189, 194, 207, 217, 
417, 437. 

Colloidal nickel catalyzers, 160,198. 
Colloidal nickel oxide, 218, 222, 

Colloidal nickel suboxide, 120. 

Colloidal osmium, 261. 

Colloidal palladious oleate, 253. 
Colloidal palladium, 242, 250, 256, 270, 
390, 404, 659. 

Colloidal palladium catalyzer, 306. 


Colloidal palladium hydroxide solution, 
253. 

Colloidal platinum, 33, 245, 259, 600. 
Colloidal rare metals, 600. 

Colloidal solutiohs, 208. 

Colloidal suboxides, 209. 

Colloidal suspensions of the metals, 247. 
Colloids of platinum group, 252. 
Colophony, 297, 403. 

Color of fatty acids, 378, 380. 

Color of gasolene, 422. 

Color of product, 319. 

Color of product, improvement of, 331. 
Color of soaps, 381. 

Color reactions, 293. 

Color stability, 336. 

Color stabilizer, 336. 

Color teat for oils, 301. 

Color test, Tortelli & Jaffe, 301. 

Color tests of oil, effect of hydrogenation 
on, 285, 295. 

Coloration by catalyzer, 213. 

Colorimetric comparison with a nickel 
solution, 327. 

Coloriinetrical determination of nickel, 
290. 

Colza oil, see Rape Oil. 

Commercial development of Wilde proc¬ 
ess, 2. 

Commercial side of fat hardening, 361. 
Comminuted hardened oil, 040. 
Comminuted hardened oil with wheat 
flour, 340. 

Comminution, electrical, 174. 
Comparison of conditions before war, 
352. 

Composite catalyzers, 147. 

Compound, change in color on standing,. 
335. 

Compound cooler, 322. 

Comimund lard, 90, 701. 

Compressed Gas Mf’rs Ass’n, 603, 
Compression of acetylene, 473. 
Compressor for hydrogen, 593. 
/Condensation products, 232. 
Condensation products from unsaturated 
hydrocarbons, 421. 

Condensers, telephone, 409. 

Conditions before war, comparison of, 
352. 
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Conductivity apparatus, 216. 

Conductivity, electrical, 124, 182, 200, 
210, 211, 216. 

Conductivity of nickel oxide, 208. 

Conductivity of reduced nickel com¬ 
pounds, 202. 

Conductivity of reduced #ickel oxide, 

201 . 

Confectionery, 346. 

Confectionery compounds, containing 
hydrogenated oil, 335. 

Connstein, 29, 256. 

Conroy, 108. 

Conservatoire National des Art et 
Metier, 567. 

Consortium fur Elektro-chem. Ind. gcs. 
m. b. H., 523. 

Constant circulation and contact of the, 
hydrogen gas, 25. 

Constants in the electrolysis of water, 
536. 

Constants of hydrogenated oil, 281. 

Contact material for making hydrogen, 
502. 

Content of free-fatty acid, increase of, 
140. 

Content of nickel in foods! jffs, 327. 

Continental Caoutchouc and Gutta 
Percha C'o., 425. 

Continuous methods, 643. 

Continuous process of making catalyser, 
144. 

Control, Burdett automatic, 563. 

Control of electrolyzers, automatic, ,585. 

Conversion of hydrocarbons and steam 
into hydrogen, 479. 

Conversion of mineral oils into oils of 
lower 8|)eci6e gravity, 21. 

Conversion of oleic acid into palmitic 
and acetic acids, 3. 

Converter, 415. 

Converting oleic acid into stearic acid, 
problem of, 1. 

Cooking tats, 338, 3.57. 

Cooking oils, 354. ■ 

Cooking, shortening for, 345. 

Copal, 96. 

Copper, 39, 54, 96, 109, 112, 1,52, 161, 
168, 173, ,190, 194, 198, 208, 230, 236, 
246, 260, 265, 270, 271, 275, 294, 379, 


404, 422, 423, 427, 429, 130, 432, 437, 
502, 504, 513, ,529, 605, 609, 611, 614, 
618,621,628. 

Copper and nickel catalyzer, ,56. 

Copper and nickel hydrates, 55. 

Copper as a carrier, 243. 

Copper, atomic, 148. 

Copper, basic oleatc, 196. 

Copper carbonate, 56, 194. 

Copper catalyst activators, 196. 

Copper catalyzer, 52. 

Copper chlorate, 273. 

Copper chloride, 149. 467. 

Copper chloride purifying agent, 599, 
600. 

Copijer-coatcd nickel, 167. 

Copper, fatty a<'id .salts, 194. 

Copper formate, 191, 194. 

Copper, gases in, 278. 

Copper hydrate, 146, 162, 186, 264. 
Copper hydrate treatment of oils, 162. 
Copper hydride, 19(). 

Cop()er-iron couple, 4.59. 

CopiK'r-nickel catalyzer, 128, 

Copper nitrate, 55, 56, llti, Kit), 194, 
434, 4,56. 

Copper nitrate, temperature of decom¬ 
position, 170. 

Copper on asl)C.sto.s, 84. 

Copper, organic salts of, 47. 

Copper oxalate, 194. 

Copper oxide, 116, 130, 135, 146, 168, 
402, 425, 448, 4,55, 501. 

Copper platinochloridc, 243. 
Copper-platinum, 260. 

Copper, reduced, 267. 

Copper soap, 129, 195. 

Copper .sulphate, 273. 

Copper sulphide, 434. 

Copper wire, 57, 267. 

Copra oil, 354. 

Copra oil, replacement of, 361. 

Cordcs, 409. 

Corn husks, 208. 

Corn oil, 87, 96, 282, 334, 335, 343, 396, 
408,410, 439. 

Corn oil as substitute for olive oil, 410t 
Corn oil, expansion of, 411. 

Corn oil, substitute for lard, 350. 

Corn oil, substitute for olive, 350. 
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Corona, 418. 

Correlli, 138, 204. 

Coryphol, 287, 363, 399. 

Co.st of catalytic palladium, 88. 

Coat of electrolytic plant, 538. 

Coat of (iah oils, 353. 

Coat of hardening, 352. 

Coat of oleo-stearine, 319. 

Cotton ofl, 20, 39, 48, 52, 55, 56, 68, 
89,96,98,104, 123,128,130,134,137, 
138, 140, 143, 148, 149, 155, 161, 164, 
175, 177, 179, 181, 185, 194, 200, 201,* 
206, 213, 215, 216, 217, 223, 238, 242, 
248, 255, 263, 281, 282, 283, 285, 289, 
290, 291, 301, 304, 305, 306, 308, 319, 
323, 325, 328, 331, 334, 335, 338, 339, 
341, 343, 344, 345, 346, 347, 348, 349, 
352, 354, 357, 368, 383, 396, 399, 407, 
409, 410, 609, 610, 637, 639, 645, 6.55, 
660, 671, 675, 692, 697, 701, 703. 

Cot< .m oil ns shortening material, 647. 

( ott >n oil, composition of, 694. 

(!otton oil fatty acids, 298. 

(lotton oil, free of aldehydes, 218. 

Cotton oil, hardening of, 225. 

Cotton oil in margarine industry, 361. 

Cotton oil piirihed by steam, 211. 

( otton oil, self-thickened, 319. 

Cotton atearine, 96. 

Cowper-Coles (lenerator, .5.58. 

Cox, 407. 

Cracking of gas oils in various atmo¬ 
spheres, 435. 

Cracking of pet roleum, 420. 

Cracking oils, 1.50. 

Cracking petroleum, 1.54. 

Cracking process of Wells, 430. 

Cracking tars and oils, 438. 

Cracking Texas solar oil, 425. 

Cracking under pressure, 419. 

Craine, 157, 159. 

Cripps, 611, 620. 

Crisco, 16,294,3.50, 653, 690,707. 

Crisoo, advantages of, 635, 636. 

Crisco and Kream-Krisp, 630. 

Crisco, sales of, 635. 

Criticism of hardened oil, 371. 

Croconic acid, salts of, 231. 

Crocus, 411. 

Crocus martis, 452. 


Crosfield, 7, 38,131. 

CroaBeld & Sons. 155, 134, 212, 406, 60S, 
633, 66\, 666, 671, 682. 

Cross, 437. 

Crossley, 155, 163, 240, 300, 534. 

Croton oil, 297, 637, 658, 660, 661. 
Crotonic acjd, 280. 

Cruciferous oil, 316. 

Crutolein, 368. 

Crutolin, 362, 374, 388. 

Crystalline carbon, 274. 

Crystallisation of stearine, 354. 
Cucumber seed, oil from, 357. 

Cumarin as flavoring material, 332. 
Cuprene, 611. 

Cupric chloride, 230. 

Cuprous chloride, 148,231,460, 467, 4t'8, 
480. 

Cuprous chloride purifying agent, .599, 
600. 

Cuprous chloride solution, 235. 

Curme method for separation of ga es, 
.531. 

Curran, 517. 

Curve showing solubility of hydrogen in 
metals, 266. 

Curves, absorption, 308. 

Curves of hydrogenation, 101, 226. 
Custis, 62. 

Cyanide, nickel potassium, 124, 208. 
Cyanide, potiissium, 165, 273, 525. 
Cyanogen, 596. 

Cyclic hydrogenation process, 22. 

Cyclic process for producing hydrogen, 
530. 

Cyclobutane, 2.58. 

Cyclohexane, 160, 257. 

Cyclohexanol, 13,86,153. 
Cyclohexanone, 86. 

Cylinders, finely-divided iron in, 592. 
Cylinders for hydrogen, 592. 

■ Cylinders, hydrogen, 440, 533. 
Cylinders, oil in gas, 592. 

D’Arsonval, 537. 

*Dab oil, 392. 

Dalla, 402. 

Damar, 96, 

Dampierre, 436. 

Danger of explosion, 169. 



JJansettc, i)S». 

Danckwardt, 423. 

Dark soaps, 372. 

Daughters, 357. 

David, 60. 

Davidsohn, 287, 302, 398. 

Davidson, 43.5, 438. ^ 

Davis-Bournonville Co., electrolyzer, 
582. 

Daw wire gauze, 590. 

Day, 10, 20, 433. 

Day’s process for petroleum oils, 10. 
de Bassano, 85. 

Debus, 606. 

Decision of Judge Hand, 700. 

Decision of Judge Hand, comments on, 
707. 

Decomposition of carbonyl, 237. 
Decomposition of fats, oils and waxes, 29. 
Decomposition oi nickel carbonyl, 236. 
De ’Conno, 84. 

Decrolin, 371. 

Degree of reduction, determination of, 
28. 

Degaide, 517. 

De Hemptinnc, 3, 30. 

De Hemptinnc'8 process, 83. 
Dehydrogenating catalyzers, 271. 
Dehydrogenation, 1.52, 257i 268. 
Dehydrogenation of oils, 256. 
Dehydrogenation with copper, 271. 
de Jahn, 68. 
de Kadt, 37, 40, 129. 

De la Frcsnayc, 530. 

Dellwik-Fleischor System, 486. 

Delmard, 541. 
de Montlaur, 251, 256. 

Dempster System, 507. 

De Nordske Fabrik, 353. 

De Nordiske Fabriker, 360. 

De Nordiske Fabriker Dc-No-Fa Aktie- 
selskap, 129. 

Deodorization, 26, 351. 

Deodorization, steam-vacuum, 319. 
Deodorized 6sh oils, 360. 

Deodorized low-grade fats, use of, 328. 
Deodorizing and decolorizing chrysalis 
oU, 402. 

Deodorizing edeoanut oil, 88. 

Deodorizing oils, 88. 


Deodorizing with hydrog. n, 87. 

Do Paoli, 79. 

Department of Commerce, 360, 
Deposited nickel, 57. 

Deposition of carbon in njaking hydro¬ 
gen, 510. 

De.sulpliurizing petroleum, 11. 

IMection of traces of nickel, 294. 
Detection of nickel, 89. 

Detection of small quantities of nickel 
296. 

•Determination of nickel in fats, 328. 
Detonation of nickel carbonyl, 231. 
Detoxication, 162. 

Deveaux, 333. 

Devik, 36, 72. 

Dewar, 54, 56, 146, 233, 237, 270, 613. 
Dewar & Liebmann process, 54. 
de Wilde, 2, 247, 274, 608, 612. 

Dextrine, 122, 200, 257, 428, 4,52. 
Dialyzed palladious hydroxide, 247. 
Diaphragm, asbestos, 537, 5.59, .560, 563, 
565, 570, 578, 581, 584, 589, 591. 
Diaphragm, electrolyzer without, 555. 
Diaphragm, metallic, ,561. 

Diaphragm, woolen, 537. 

Dibdin, 21. 

Dicke, 509. 

Diedrichs, 309. 

Dicffcnbach, 447, 449, 499. 

Diels, 310. 

Diffusion of gas, 443. 

Diffusion process, 467, 531. 

Digestibility, coefficients of, 692. 
Digitonin method, 283, 308, 310. 
Diglyceride, 348. 

Dihydrocholesterol, 283. 
Di-hydrophenanthrene, 267. 
Difaydrophorene, 270. 

Dihydroquinihe, 210. 

Dimethylglyoxime, 294, 304, 305, 309, 
328. 

Dimethylglyoxime test, 288. 
Dimethylglyoxime test, for nickel, 295, 
296. 

Di Nola, 294. 

Dioleopalmitin, 323. 

Dioleostearine, 323. 

Dioxide, carbon, 231, 274. 

Dioxide, hydrogen, 33. 
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Dioxide, osmium, 249. 

Diphenylainine, 222. 

Diphenyl diacetylene, 187. 

Disulphide, carbon, 15. 

Discharge, electrical, 74, 435. 
Disintegration, electrical, 174. 
Distearopalmitin, 323. 

Distillation of fatty acids, 380. 
Disulphide, carbon, 443. 

Dobereiner, 251. 

Doering, 159. 

Dog, feeding experiments with, 339. , 

Dogfish oil, 163, 411. . 

Dohmen, 575. 

Dolomite lime, 467. 

Doratol, 363. 

Dough, viscosity of, 342. 

Downing, 435. 

Dreymann, 92. 

Drummond, 365. 

Dry hydrogen, 127. 

Drying agents, 140. 

Drying oils, 380. 

Dubbs, 11. 

Dubovits, 80, 291, 380, 398. 

Du Motay, 444. 

Dure', 363. 

'lurer.tol, 363. 

Durolit, 363. 

Durotal, 363. 

DuTjtol, 295, 399. 

Durotin, 363. 

Duru, 363. 

Durutol, 363. 

Earth, infusorial, 58, 98. 

Earthenware, porous, 531. 

Earthenware tubes, 500. 

Earthenware, unglazed, 460. 

Eastwick, 616. 

Edgar, 268. 

Edibility of hardened oil, 347. 

Edibility of hydrogenated oils, 323, 326. 
Edibility of whale oil, 337. 

Edible fats, 149, 649. 

Edible fats, first information on, 352. 
Edible fats, fish oil in, 302. 

Edible fats in manufacture of margarine, 
331. 

Edible fats, pressing, 334. 


Edible hydrogenated fats, 630. 

Edible hydrogenated oils, 319, 338. 

, Edible oil composition, 331. 

Edible oil, hardening of, 71, 72. 

Edible product free from catalytic 
metal, 348. 

EdMc products obtained by hydrogena¬ 
tion, 338* 

Edison, 141, 171. 

Effect of agitation, 26, 82, 99,102. 

Effect of hydrogen without a catalyzer, 
87, 

Effect of liquid on nickel catalyzer, 13. 
Effectiveness of palladium catalyzer, 242; 
Effect of pressure, 85, 97,101. 

Effect of temperature, 92, 97,101. 

Efrem, 252. 

Egg yolk, 332. 

Egloff, 418. 

Egyptian cottonseed oil, hydrogenation 
of, 137. 

Egyptian cottonseed oil, use of, 363. 
Elaeomargaric acid, 401. 

Elaidic acid, 297. 

Elaidin, 85. 

Eldred, 135, 448. 

Electric arc decomposition of water, 568. 
Electric conductivity, 119. 

Electric discharge, 44, 74. 

Electric discharge process, 4. 

Electric discharge, silent, 33. 

Electric furnace, 271. 

Electric resistance, 216. 

Electrical comminution, 217. 

Electrical comminution of nickel, 142, 
174. 

Electrical conductivity, 124, 182, 208, 
210, 216. 

Elecfrical conductivity, determination 
of, 200. 

Electrical conductivity, lack of, 211. 
Electrical discharge, 435. 

Electrical discharge, effect of, 30. 
Electrical discharge, silent, 73. 

Electrical disintegration, 142. 

• Electrical disintegration method, 246. 
Electrical disintegration of metal, 174. 
Electrical energy, generation of, 616. 
Electrical process of De Hemptinne, 83. 
Electrical testing laboratories, 568. 
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Electrical treatment of oils, 61. 
Electrically-charged particles from plati¬ 
num, 269. 

Electrically heated catalyzer gauze, 449. 
Electrically heated purifier of Knowles, 
600. 

Electricity, use of, 3. 

Electrode, bipolar, 588. ' 

Electrode, cobalt, 577. 

Electrode, corrugated, 572. 

Electrode, nickel, 539,560, 571, 572, 583. 
Electrode, nickel and platinum, 280. 
Electrode, platinum, 562. 

Electrode of wire, .581. 

Electrodes, bipolar, 541. 

Electrodes, lead, 544. 

Electrodes, nickel, 5. 

Electrodes, platinum, 5. 

Electrodes preventing gas diffusion, 581. 
EIcctrolabs, 578. 

Electrolysis, catalyzer by, 175. 
Electrolysis of brine, production of 
hydrogen in,440. 

Electrolysis of water, .536. 

Electrolysis to make hydrogen, 440. 
Electrolyte, acid, 5.58,502. 

Electrolyte, addition of soaps and ferric 
oxide, 5,52. 

Electrolyte, caustic soda, 547, 552, 559, 
.561, 571. 

Electrolyte, caustic potash, 559. 
Electrolyte, mineral oil film on, .561. 
Electrolyte, potassium carbonate, 641, 
550. 

Electrolyte, potassium tartrate, 562. 
Electrolyte, sodium tartrate, 562. 
Electrolyte, sulphuric acid, 544. 
Electrolyte, use of citrates, 502. 
Electrolytic addition of hydrogen, 3. 
Electrolytic deposit of nickel, 57. 
Electrolytic generation of hydrogen, 517. 
Electrolytic nickel, 57. 

Electrolytic Oxygen and Hydrogen Asso¬ 
ciation, 603. 

Electrolytic oxy-hydrogen laboratories, 
578. , 

Electrolytic plant, cost of, 538. 
Electrolytic plant, equipment, 537. 
Electrolytic platinum, ^7. 

Electrolytic reduction, 88, 275, 279. 


Electrolytic reduction of unsaturated 
acids, 279. 

Electrolytic system, safety of, 595. 

Electrolytically-derived gases, handling 
of, 590. 

Electrolyzer of Aigner, 558. 

Electrolyzer, amalgmated, 558. 

Electrolyzer, bipolar, 571, 588. 

Electrolyzer, filter press type, 541, 559, 
560, 570, 571, 575. 

Electrolyzer, lanterns, 567. 

(Electrolyzer operating cost, .569. 

Electrolyzer, sectional type, 575, 577. 

Electrolyzer of welded sheet iron, 554. 

Electrolyzer without diaphragm, 555. 

Elektrizitiits-A.-G.-Vorm. Schuckert & 
Co., 552. 

Elektro Chemischo Werkc, 112. 

Elgstrom, 337. 

Elicnberger, 446. 

Ellis, 1, 22, 23, 25, 26, 32, 34, 43, 53, 63, 
76, 90, 93, 96, 106, 136, 137, 141, 142, 
144, 145, 146, 147, 140, 1.50, 160, 161, 
164, 168, 169, 174, 175, 177, 179, 185, 
186, 189, 197, 198, 209, 237, 238, 239, 
2,59, 281, 282, 283, 306, 331, 332, 333, 
335, 336, 340, 343, 348, 361, 397, 405, 
409, 411, 417, 422, 432, 448, 456, 476, 
480, 603, 675, 696. 

Ellis butter-substitute patent, 684. 

Ellis electrolyzer, 570. 

Ellis process of making hydrogen, 482. 

Elsworthy, 467. 

Elworthy, 110, 167, 174, 448, 450, 467, 
491. 

Ely, 686. 

Emery, 411. 

Emulsification of oily material with 
milk, 332. 

Emulsion for blending with hydro¬ 
genated oils, 357. 

Enderli, 168 

Enduli, 424. 

Engels, 444. 

Engler, 424, 

' English soap trade, 359. 

Enzymes, 247. 

Equilibrium, oleic acid, 223. 

Erdmann, 8, 13, 19, 51, 109, 118, 120 
121, 122, 123, 124, 125, 128, 130, 133 
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137, 138, 181, 184, 199, 201, 203, 205, 
200, 207, 208, 210, 211, 214, 215, 218, 
220, 221, 222, 223, 224, 271, 292, 400, 
406,643,661,682. 

Erdmann, experimental work by, 213. 
Erdmann on Nonnann patent, 212. 
Erlandsen, 337. 

Ernat, 247. 

Erucic acid, 280, 285, 297, 300, 301, 315, 
440, 609. 

Erucic acid, determination, 285. 

Erucic acid to beheuic acid, 285. 

Each, 29. • 

Eschweger soaps, 374, 387. 

Espil, 126, 127, 160, 175, 220. 

Essential oils, 305. 

Essential oils, hydrogen number of, 255. 
Estabrook, 340. 

Esterbrook, 646. 

Ester numbtir, 395. 

Esterification, Dreymann’s method, 92. 
Esterification process, 92. 

Esterification with glycerine, 93. 

Esters, 332. 

Esters, cinnamic, 260. 

Esters, fatty, 52. 

Esters for making hydrogen, 530. 
Elhane, 438. 

Ethyl acetate, 86, 92, 280, .530. 

Ethyl ester, 92. 

Ethyl ester of linolenic acid, 51. 

Ethyl ester of linolic acid, 51. 

Ethyl ester of linseed oil fatty acids, 51. 
Ethyl ester of stearic acid, 51. 

Ethyl oleate, 90. 

Ethyl stearate, 51. 

Ethylene, hf'i. 112, 143, 247, 420, .532, 
606, 611, 621. 

Ethylene compounds, 269. 

Ethylene derivatives, 114, 

Ethylene hydrocarbons, 160. 

Eugenol, 86. 

Europe, capacity of plants in, 3.52. 
Europe, production of linseed oil in, 352. 
European hardening plants, 399. 

Evans, 421. 

Expansion of hydrogenated oils, 361. 
Explosion arrester, 603. 

Explosion by evolution of gas, 265. 
Explosion dangers, 169. 


Explosion of carbonyl and air, 233. 
Explosion of hardening tank, 603. 
Explosion of nickel carbonyl vapor, 237> 
Explo.sions, causes of, 592. 

Explosions of oxygen, 602. 

Explosions, possibility of, 590. 

Explosions when compressing, 592. 
Exiilosivc matures of oxygen and hydro¬ 
gen, 601. 

Explosive properties of nickel compound,, 
230. 

Extraction of catalyzer, 214. 

Extraction of nickel from ores, 234. 
Eycken, 5.59. 

Fabris, 10(i, 116, 267. 

Fahrion, 105, 107, 256. 

Falciola, 85. 

Farmer, 33. 

Farnstciner, 290. 

Fat, beef, ,3.55. 

Fat having the melting-point of butter^ 
332. 

Fat, lard-like, 58. 

Fat mixture for preparing soap, 304. 

Fat, semi-solid, 632. 

Fat-soluble growth substances of beef 
fat, 3.5,5. 

Fat splitting, 394, 398. 

Fat, stuffing, 408. 

Fats and their economical use in the 
home, 340. 

Fats, animal, 333. 

Fats, liquid, caase shortening, 345. 

Fats, low grade, 328. 

Fatty acid, .52, 67, 68, 83, 325, 303, 373, 
377, 380, 394, 398, 405, 408. 

Fatty acid and ammonia, 84. 

Fatty acid anhydrides, 79. 

Fatty acid as candle material, 378, 

Fatty acid, cotton oil, 298. 

•Fatty acid, electrolytic reduction of, 280, 
Fatty acid, examination of, 379. 

Fatty acid, high content of, 137. 

Fatty acid, hydrogenation, 280. 

Fatty acid, hydroxy, 313. 

Fatty acid, odor of, 370. 

Fatty acid of hardened fish and whale 
oil, 395. 

Fatty acid of sunflower oil, 297. 
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Fatty acid produced by moisture, 140. 
Fatty acid separation by solvents, 408. 
Fatty acid, titre, 322. 

Fatty alcohol, 284. 

Fatty aromatic amines, 84. 

Fatty cleavage reagent, 29. 

Fatty esters, 52. 

Fatty food products, methbd of making, 
346. 

Fatty products of saponification, 379. 
Fay and Seeker, 112. 

Feeding tests of hydrogenated oils, 339. < 
Feld, 94. 

Pels Naphtha Soap Works, 382. 

Ferrie chloride, 273. 

Ferric hydrate, 202. 

Ferric hydroxide, 273. 

Ferric oxide, 151, 512. 

Ferric oxide, hydrated, 452. 

Ferric oxide in electrolyte, ,5.52. 

Ferric nitrate, 451, 4.55. 

Ferriferous nickel oxide, impure, 230. 
Ferrite, alkali, 458. 

Ferro-carbonyl liquid, 233. 

Ferrosilicon, 533. 

Ferrosilicon and eaustic soda, ,595. 
Ferrosilicon with soda-lime, 521. 
Ferroso-ferric oxide, 502, 512. 

Ferrous carbonate, 451, 502. 

Ferrous oxalate, 151. 

Ferrous sulphate, 454, 516. 

Fettraffinerie, A. G., 406. 

Fibrous material in making catalyzer, 56. 
Fiersot, 550. 

Fierz, 237. 

Filling-in fat stock, hardened fi.sh oil as. 
374. 

Filling, soap, 375. 

Filter press, Shriver, 417. 

Filter press type of electrolyzer, 541,669, 
560, 570, 571, 575. 

Filtration, careless, 324. 

Filtration, magnetic, 169. 

Filtration to remove finely divided nickel, 
417. 

Finely divided nickel, 233, 248, 331, 
344. 

Finely divided, meaning of, 624. 

Finely divided metal as catalyzer, 212. 
Fire brick,' 174, 434. 


First disclosure of hydrogenation of oils 
in a liquid state, 7. 

Firth, 268, 274. 

Fischer, 294, 550. 

Fischli, 184, 314. 

Fish and whale oil, properties of, 395. 
Fish meal, 350. 

Fish oil, 25, 73, 83, 87, 147, 1,53, 155, 
248, 281, 301, 328, 329, 339, 340, 3.58, 
300, 362, 378, 390, 392, 394, 395, 396, 
398, 401, 405, 409, 411, 607, 609, 612. 
Fish oil, hardened, 285, 286, 287, 291, 
292, 295, 366, 372. 

Fish oil, hydrogenated, 338, 242. 

Fish oil in edible fats, 302. 

Fish oil in margarine, 329. 

Fish oils, cost of, 353. 

Fish oils, utilization of, 349. 

Fixation of hydrogen, 271. 

Flake white, 635, 675, 677, 695. 

Flaky cobalt, 141. 

Flaky iron, 505. 

Flake nickel, 140, 219. 

Flash-back, 563. 

Flatting paint composition, 409. 

Flavor, improvement of, 348. 

Flavor of product, 319. 

Flavoring compound, 332. 

Flax, 56. 

Flocculated nickel oxide, 218. 

Florolene, 691. 

Flour, 383. 

Flour and hard fat in making bread, 
341. 

Flour and hardened oil, 646. 

Flour and powdered hard fat, 340. 
Flour-like shortening agent, 340. 

“ Fluffy ” hardened product, 321. 
Fluorides, 156. 

Fluorine, complex compounds of, 155. 
Fluosilicic acid, 256. 

Fluxes, 251. 

Foerster, 276. 

Foersterling, 519. 

Fokin, 101, 209, 221, 242, 249, 257, 275, 
297,657,665,697. 

Food compound simulating lard, 344. 
Food elements, 355. 

Food prepared in nickelware vessels, 348. 
Food product, liquid, 354. 
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Food value of hydrogenated corn oil, 
350. 

Food value of hydrogenated oil, 339. 
Foodstuffs, content of nickel, 327. 

Ford, 435. 

Formaldehyde, 192, 255, 382, 423, 450. 
Formaldehyde, reducing effect of, 205. 
Formalin, .55. 

Formate, calcium, 446. 

Formate in place of hydrogen, 78. 
Formate metallic, 78. 

Formate, nickel, 48, 52, 79,125,130,138, 
140, 147, 154, 179, 188, 192, 194, 198, 
200, 202, 224, 225, 227, 406, 437. 
Formate reduction, 192. 

Formate, zinc, 78, 79, 130, 140. 
Formates, 47.108,125,153,190,191,194. 
Formates, making, 1.53. 

Formation of hydrides, 270. 

Formation of Lactones, 285. 

Formation of nickel by overhardening, 
219. 

Formic acid, 39, 140, 1.53, 194, 251, 280, 
419, 4.50. 

Formic acid, salts of, 130. 

Formula for making milled soap base, 
370. 

Formulas for lubricants, 403. 

Fortini, 295. 

Fortini’s test, 292. 

Forwood, 434. 

Fossil meal. 131. 

Fourniols, .533. 

Fox, 411. 

Franck, 135, 255. 

Frank, 462, 463, 464, 467, 478. 
I'rank-Lin' ie-Caro process, 62. 

Frank purification process, 597. 

Franke, 422. 

Frasoh, 484. 

Frazer generator, 588. 

Fredrikstad plant, 300. 

Free fatty acid, 324, 351. 

Free fatty acids, content of, 282. 
Frerichs, 210. 

Fresenius, 149. 

Fresnaye, 530. 

Freundlich, 3. 
h'redricia, 337. 

Fry, 443. 


Fryer, 302, 303. 

Fuchs, 40, 187. 

Fullers’ earth, 10, 94, 159,171, 224, 239, 
417. 

Fumaric acid, 279, 280. 

Gacbel, 304. 

Galactose, 'i!i7. 

Galvanoplastic process, 141. 

Gallic acid, 530. 

Garbage grease, 88. 

Garbage grease for making hydrogen, 
484. 

Garth, 284, 362, 371, 381. 

Garuti, 544, 591. 

Garuti apparatus, 540. 

Gas, coal, 240. 

Gas cylinders, finely divided iron in, 592. 
Gas cylinders, oil in, .592. 

Gas, diffusion of, 443. 

Gas, freeing from carbon dioxide, 599. 
Gas, igniter, 251, 204. 

Gas, inert, 169, 231. 

Gas, measuring system, 37. 

Gas, producer, 446. 

Gas Products Aasociation, 603. 

Gas purification, 595. 

Gas separator, centrifugal, 467. 

Gas, water, 232, 237, 241, 444, 620. 
Gases, hydrogen, containing, 232. 
Gasoline, 68, 418. 

Gasoline from crude oil, 423. 

Gates, 325. 

Gautier, 450, 467, 502. 

Gauze, wire, 456. 

Geeracrd, 589. 

Geisenberger, 473. 

Geitel, 197. 

Gelatin, 194, 247, 257. 

Gelatinous aluminum hydrate, 192. 
Gelatinous silicon hydrate, 192. 
Generating hydrogen by electrolysis, 
536. 

Generation of electrical energy, 516. 
George Schicht, A.-G., 241, 402 . 

’ Gerard, 248. 

Gerhartz, 501. 

German gas regulations, 602. 

German importation of fats, 349. 
German pale yellow soap, 393. ■ 
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German utilization of fats, 349. 
Germania Oelwerke, 362, 373, 387, 406. 
Germania oil works, 287. 

Germany and the hydrogenation process, 
80. 

Germany and the whale oil question, 
331. 

Germany and use of hardeifed whale oil, 
339. 

Germany, fats in, 390, 398. 

Germany, hydrogenation in, 212. 

Gerum, 6. 

Ges fttr Lindes Eismaschinen, 000. 
Gheorghiu, 348. 

Giffard, 485. 

GUI, 338. 

Glaser, 126, 208. 

Glass, 256, 432. 

Glass carrier, 119 

Glass fragments and nickel, 176. 

Glass wool, 135, 590. 

Glue, 428. 

Glue solutioms, 257. 

Glycerate, nickel, 197. 

Glycerides, mixed, 337. 

Glycerides of linolcic acid, transforma¬ 
tion to olein, 415. 

Glycerides, partial siituration of, 322. 
Glycerine, 32, 86, 186, 194, 197, 313, 
373, 394, 408, 600. 

Glycerine containing lyes, 370. 

Glycerine content, 349. 

Glycerine content of oils and fats, method 
of increasing, 348. 

Glycerine determination, 313. 

Glycerine enrichment of oil, 348. 
Glycerine esteriHcation, 93. 

Glycerine, esteriBcation with, 32. 
Glycerine oleate, 91. 

Glycerine, removal of, 365. 

Glycerine soaps, transparent, 375. 
Glycerol content of hardened fats, 313. 
Glypollatcs, 48. 

Godfrey, 341, 356. 

Gold, 246, 265, 276. 

Gold leaf, 267. 

Gold-palladium, 277. 

Gold, precipitated, 267. 

Gold sol, 262. 

Goldenburg, 262. 


Goldschmidt, 2,19,443, (!08,612. 
Government investigations on hydro¬ 
genated oils, 326, 

Graff, 681. 

Graham, 269. 

Grained soap, 371. 

Granite surfaces, 11, 

Grape seed oil, 39. 

Graphite, 175, 411, 420. 

Grease for making hydrogen, 484. 
Grease, garbage, 88. 

• Grease, lubricating, 411. 

Green, 448. * 

Green hydrate of nickel, 617. 

Green nickel hydrate, 2.32. 

Green nickel oxide, 98. 
Grei-sheim-Elektron, 440, 444, 458, 525,. 
59.5. 

Griffin's apparatus, .581. 

Grignard, 221. 

Grirnme, 292. 

Grinding coin|x)und, 411. 

Groh, 257. 

Gro.ssmann, 294. 

GrUn, 89, 302. 

Grviner, 33, 61. 

Guayule resin, 405. 

Guillien, 532. 

Gum, 121. 

Gum arabic, 200, 246, 247,2.50,254,2.57, 
452, 600. 

Gum tragacanth, 452. 

Gums, varnish, 405. 

Gurney, 399. 

Gutbier, 268. 

Gypsum, 520. 

Haas, 189. 

Haber process, 80. 

Hagemann, 95, 140,167. 

Hajek, 380. 

Halla, 269. 

Haleco, 372. 

Halibut oil, 411. 

Hall, 11, 331,428. 

• Haller, 11. 

Halliburton, 356. 

Halogens, 160,164. 

Halogens, determination of, 316. 
Halphen reaction, 242, 697. 
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Halphen leet, \04, m, m, aV7, 325, 
628, 639. 

Halake, 5.50, 600. 

Halter, 5S1. 

Hamburg, 107. 

Hamburger, 168. 

Hamlin, 533. 

Hammond’s control apparatus, 803. 
Hand, 630. 

Hand, decision of Judge, 700. 

Hanko, 647, 691. , 

Hanus method, 405. , 

Hard fat from peanut oil, 250. 

Hard soap, demand for, 352 
Hard soaps, made by hydrogenation, 
360. 

Hardened castor oil, 381 
Hardened cotton oil, 328. 

Hardened fats, c.apacity for holding 
water, 3.55. 

Har'...ned fish oil, 328. 

Iiard 'ned fish oil as substitute for tallow, 
374. 

Hardened fish oil in oleomargarine, 339. 
Hardened fish oil in soap, 378. 

Hardened oil and flour, 646. 

Hivrdcned oil, atomization, 342. 

H-ardened oil, economy of u.sing, 323. 
Hardened oil, edibility of, 323, 326, 347. 
Hardened oil in the candle industry, 398. 
Hardened oil, glycerine content, 313. 
Hardened oil, hydrogen in, 692. 
Hardened oil, keeping properties of, 337. 
Hardened oil, nickel content of, 328. 
Hardened oil, jiroperties and uses of, 352. 
Hardened t'!, semi-solid, 632. 

Hardened oil, splitting reagent, 30. 
Hardened whale oil, chemical composi¬ 
tion of, 314. 

Hardened whale oil for food, ,330. 
Hardened whale oil in oleomargarine, 
339. 

Hardening cottonseed oil, rate of, 128. 
Hardening curves, 219. 

Hardening in Europe, 399. 

Hardening, instantaneous, 693. 
Hardening linseed oil with basic nickel 
carbonate, 225. 

Hardening linseed oil with nickel for¬ 
mate, 225. 


Hardening of linseed oil with metallic 
nickel, 226. 

Hardening plants using water gas, 461. 
Hardening process, 610. 

Hardening sesame oil with basic nickel 
carbonate, 225. 

Hardening, speed of reaction, 226. 
Hardening tank explosion, 603. 
Hardening with ammonia, 84. 

Hardening with aniline, 84. 

Hardening with hydrazine, 85. 

Hardening with trimethylamine, 84. 
Harmsen, 382. 

Harness leather, 408. 

Hartl, 294. 

Hartmann, 6, 250, 264. 

Hauchccomc test, 309. 

Hauser, 373. 

Ilausamann, 129, 195, 198. 

Hausmann, 21. 

Hautefeuillc, 270. 

Hazard-Flamand apparatus, 564. 

Healthy nickel, 271. 

Heat decomposition of oils to yield hy¬ 
drogen, 482. 

Heat of bromination, 101. 

Heat on hydrocarbons, effect of, 471. 
Heating fatty acids with water under 
pressure, 89. 

Hebert, 402. 

Better, 1, 223, 294, 329. 

Hehncr, 1.55, 163, 623, 629. 

Hchner number, 295. 

Hchner's statement, 617. 

Heim, 402. 

Heinemann, 260. 

Ilelbig, 532. 

Heller, 363, 373. 

Hembert & Henry process, 447. 

Hemp, 56. 

. Hemptinne, 3, 30, 83. 

Hendricks, 66. 

Henke, 457. 

Henry, 447. 
tHenry’s law. 274. 

Hepburn, 588. 

Herforder, 7. 

Herman, 479. 

Herring oil, 163, 392. 

Herford oil works, 212. 
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Herrings, utilisation in Germany, 350. 
Hertzog, 105. 

Herzman, 84. 

Hess, 264. 

Heterocyclic compounds, 246. 
Hexahydrobenzene, 611. 
Hexahydrophthalic acid, 264. 
Hexamethylene hydrocarbons, 257 . 

Heyl, 421. 

Higgins, 39, 47, 78, 88, 95,110,126,130, 
140,193, 194,198, 406, 430. 

High hydrogen pressure, 19. 

High pressure apparatus, 52. 

High tension electric discharge, 74, 435. 
Hildebrandt, 461. 

Hildesheimcr, 143. 

Hills, 480. 

Hirt, 436. 

History of hydrogenation at Proctor & 
Gamble’s 665. 

Illavati, .523. 

Hochn, 82. 

Hofer, 424. 

Hofmann, 2.59. 

Hofstede, 260. 

Hoitsema, 270. 

Hokkaido, 392. 

Holbrook, 343. 

Holcgrcber, 422. 

Holde, 439. 

Holmes, 339, 668 
Holt, 268, 269. 

Homfray, 274. 

Ilooton, 511. 

Hoyer, 207. 

Huber, 302, 311. 

Huebl, 304. 

Huet, 329. 

Hugel, 281, 284, 286, 313, 326, 327. 
Human consumption of hardened oil, 
question of, 347. 

Humphrey, 423. 

Humphreys, 64, 425. 

Huston, 11. 

Hydrate, cobalt, 146. , 

Hydrate, copper, 146,162. 

Hydrate, hydrazine, 261. 

Hydrate, lime, 446. 

Hydrate, nickel, 109,115, 131, 138, 146, 
147, W9,153,172,186,207, 232. 


Hydrate of nickel and copper, 55. 
Hydrated non-basic oxides, 262. 
Hydration of fatty acids, 89. 

Hydrazine hydrate, 85, 2.53, 261. 
Hydrazine, reducing power of, 176. 
Hydride, boron, 143. 

Hydride, calcium, 520, .533, .595. 
Hydride, cerium, 279. 

Hydride, cobalt, 275. 

Hydride, copper, 190. 

Hydride for making hydrogen, 520. 

' Hydride nickel,^06, 693. 

Hydride, nickel oxide, 216. 

Hydride, palladium, 269. 

Hydride, platinum, 251. 

Hydride, primary, 271. 

Hydride, suboxide, 210. 

Hydrides, formation of, 270. 

Hydrides in catalyzers, 275. 

Hydrides, metal, 275. 

Hydrides, removal of, 137. 

Hydrik process, 523. 

Hydriodic acid, reduction of oleic acid 
by, 2. 

Hydrobromic acid, 160. 

Hydrocarbon oils, 20. 

Hydrocarbons, 1.5, 110, 1.53, 231, 267, 
278, 611. 

Hydrocarbons and water vapor, 472. 
Hydrocarbons, catalyzer for, 151. 
Hydrocarbons, decomposition of, 471. 
Hydrocarbons for making hydrogen, 449. 
Hydrocarbons, removal of, 597. 
Hydrocarbon oils, treatment with hy¬ 
drogen, 10. 

Hydrocarbons, treatment with steam, 21. 
Hydrocarbons, unsaturated, 250. 
Hydrochloric acid, 113, 160, 223, 513. 
Hydrochloride, platinum, 242. 
Hydrocyanic acid, 165, 247. 
Hydrofluosilicic acid, 256. 

Hydrogen, 104. 

Hydrogen absorption, 272. 

Hydrogen absorption by limonene, 269. 
Hydrogen, absorption by nickel, 60. 
Hydrogen, absorjition by petroleum 
430. 

Hydrogen, action on metal, 270. 
Hydrogen, action on phytosterol, 284. 
Hydrogen added to oil, 695. 
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Hydrogen addition, mechanism of, 265. 
Hydrogen, addition to fatty oil, 282. 
Hydrogen, amount for cocoanut, olive, 
corn oil, tallow, oleic acid, 439. 
Hydrogen, analysis of, 478. 

Hydrogen and carbon black, 480, 481. 
Hydrogen and lampblack, 473. 
Hydrogen and nitrogen mixtures, 532. 
Hydrogen and oxygen, combination of, 
275. 

Hydrogen and oxygen, union of, 247. 
Hydrogen and sodium silicate, 530. 
Hydrogen, as reducing gSa, 210. 
Hydrogen at high pre.s.sures, vessels for, 
529. 

Hydrogen, barium hydrate for making, 
4,58. 

Hydrogen bubbling process, 25. 
Hydrogen by action of acids on metals, 
51.5. 

Hydrogen by action of solar rays, 501. 
Hydrogen by arc decomposition, 558. 
Hydrogen bv brine electrolysis, 440. 
Hydrogen by Bruno process, 517. 
Hydrogen by Burdett system, 503. 
Hydrogen by catalytic absoriition, 250. 
Hydrogen by catalytic action, 451. 
Hydrogen by decomposition of hydro¬ 
carbons, 534. 

Hydrogen by Dempster system, .507. 
Hydrogen by diffusion, 450, 4(57, 531. 
Hydrogen bv electrolysis, 518, .534. 
Hydrogen by electrolysis of water, 536. 
Hydrogen by heating zinc dust with 
hydrated lime, 526. 

Hyd'ugen by 1. O. C. system, 568. 
Hydrogen In iron alloys, 502. 

Hydrogen by Linde process, 534. 
Hydrogen by liquefaction, 480. 
Hydrogen by passing steam over coke, 
447. 

Hydrogen by process of Improved 
Equipment Co., 512. 

Hydrogen, by-product, 440. 

Hydrogen by Schuckert system, 551. 
Hydrogen by the action of steam on 
heated metal, 485. 

Hydrogen by the decomposition of 
■ hydrocarbons, 471. 

Hydrogen by use of alloys, 526. 


Hydrogen by use of barium sulphate, 
535. 

Hydrogen by use of molten zinc, .532. 
Hydrogen by use of scrap iron, 533. 
Hydrogen by use of steam and carbon, 
527. 

Hydrogen ciyriers, 275. 

Hydrogen, catalyzer for making, 479. 
Hydrogen, catalyzers in making, 444. 
Hydrogen, classification of methods, 441. 
Hydrogen containing carbon monoxide, 
40, 42. 

Hydrogen-containing compounds, 270. 
Hydrogen-containing gas, 448. 
Hydrogen-containing gases, 232. 
Hydrogen-containing metals, 265. 
Hydrogen containing moisture, 596. 
Hydrogen contaminated with air, 592. 
Hydrogen conveyors, active, 212. 
Hydrogen, cost of, 476, 608, 515, ,534. 
Hydrogen cylinders, 440, 533. 

Hydrogen, danger of explosion, 169. 
Hydrogen, deodorizing by, 87. 

Hydrogen developed by recovered cata¬ 
lyst, 215. 

Hydrogen dioxide, 33, 247. 

Hydrogen, dry, 127. 

Hydrogen, effect of pressure, 170. 
Hydrogen, electrolytic addition of, 3. 
Hydrogen electrolyzers, control of, 585. 
Hydrogen, fixation of, 271. 

Hydrogen for military balloons, 533. 
Hydrogen for military purposes, 80. 
Hydrogen, formation of carbon in mak¬ 
ing, 510. 

Hydrogen free from carbon monoxide, 
510. 

Hydrogen from acetylene, 472. 

Hydrogen from aluminum and caustic 
soda, 519, 523, 532. 

Hydrogen from bitumen and shale, 
473. 

Hydrogen from calcium hydride, 520. 
Hydrogen from carbon dioxide, separa¬ 
tion of, 466. 

'tlydrogen from catalyzer, 210. 
Hydrogen free from catalyzer poisons, 
532. 

Hydrogen from coke, 447. 

Hydrogen from ferrosilicon, 521. 
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Hydrogen from ferrosflicon and steam, 
522. 

Hydrogen from garbage grease, 484. 
Hydrogen from Garutc generator, 544. 
Hydrogen from hydrocarbons, 449. 
Hydrogen from hydrocarbons and steam 
476, 479. 

Hydrogen from illuminatmg gas, 476. 
Hydrogen from iron and carbon dioxide 
517. 

Hydrogen from iron and hydrochloric 
acid, 515. 

Hydrogen from iron bricinettes, 501. 
Hydrogen from methane, 480. 

Hydrogen from molten metal, 501. 
Hydrogen from natural gas, 438, 478 
484. 

Hydrogen from petroleum, 424, 478, 484. 
Hydrogen from Schmidt generator, 541. 
Hydrogen from silicides, 519. 

Hydrogen from sodium, 519. 

Hydrogen from steam. 485. 

Hydrogen from steam and iron at high 
pressure, ,528. 

Hydrogen from sulphuric acid i.nd iron, 
generation of, ,510. 

Hydrogen from waste liquor sludges 
531. 

Hydrogen from water gas, 444. 

Hydrogen from zinc, 80, 515. 

Hydrogen from zinc and lime, 520. 
Hydrogen gas in aeronautics, ,534. 
Hydrogen, gases containing, 144. 
Hydrogen generation, miscellaneous 
methods, 519. 

Hydrogen given off by cataylzcr, 206. 
Hydrogen, handling of, 415. 

Hydrogen high-pressure apparatus, 600. 
Hydrogen, high pressure process, 513. 
Hydrogen impurities, 493. 

Hydrogen in electrolytic oxygen, 601. 
Hydrogen in gaseous mixtures, deter¬ 
mination of, 314. 

Hydrogen, iron and steam method, 534. 
Hydrogen leakage, 415. 

Hydrogen, lime for making, 457. 

Hydrogen, nascent, 271, 273, 274, 437. 
Hydrogen number, 50, 51, lOl. 

Hydrogen number, determination of, 306. 
Hydrogen number of essential oils, 255. 


Hydrogen, obtaining pure, 488. 
Hydrogen, occluded, 132. 

Hydrogen, occlusion of, 265. 

Hydrogen on metallic solutions, 276. 
Hydrogen, partial reduction of iron in 
making, 486. 

Hydrogen per ampere hour, 536. 
Hydrogen, per cent in hardened oil, 692. 
Hydrogen per ton of oil, 107. 

Hydrogen phosphide, 14, 610. 

Hydrogen, phosphoretted, 231. 

Hydrogen plan}, cost of, 441. 

Hydrogen plants, stationary and port¬ 
able, 595. 

Hydrogen, precautions in making, 512. 
Hydrogen, preheated, 40. 

Hydrogen, pressure of, in hardening, 85. 
Hydrogen problem in oil hardening, 439. 
Hydrogen processes devised by Messcr- 
schmitt, 490. 

Hydrogen producer, use of lime in, 476. 
Hydrogen producing, 437. 

Hydrogen purification, 4(i7. 4,88, .595. 
Hydrogen, purification by absonition 
467. 

Hydrogen, purification by carbide, 597. 
Hydrogen, rate of absorption, 71. 
Hydrogen, reduction in solution by, 170. 
Hydrogen, replacement of carbon mon¬ 
oxide, 444. 

Hydrogen requirements per ton of fat, 
439. 

Hydrogen, solubility in metals, 265. 
Hydrogen standards, 603. 

Hydrogen, steel alloys to contain, 529. 
Hydrogen storage tanks, 594. 

Hydrogen, strong current of, 620, 626. 
Hydrogen sulphide, 15, 113, 163, 165, 
166, 208, 231, 318, 433, 434, 443, 455, 
487, 609, 615, 618, 620. 

Hydrogen sulphide, removal of, 478. 
Hydrogen, sulphur and arsenic in, 163. 
Hydrogen, supply of, 440. 

Hydrogen transfer by gas holders, 76. 
Hydrogen transfer by platinum metals, 
269. 

Hydrogen, transference of, 271. 

Hydrogen, use of alkali ferrite, 458. 
Hydrogen, use of copper and iron, 504, 
Hydrogen, use of esters. .530. 
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Hydrogen, use of manganese ores, 495. 
Hydrogen, use of sulphides, 511. 
Hydrogen, use of water gas, 441. 
Hydrogen, using alloys of iron, 499. 
Hydrogen, using sodium bisulphate, 517. 
Hydrogen value of organic compounds, 
297. 

Hydrogen, washing with water, 488. 
Hydrogen, water in, 166. 

Hydrogen with small percentages of 
oxygen, 602. 

Hydrogenated animal fijts, 242. 
Hydrogenated butter fat, 337. 
Hydrogenated corn oil, 242, 335. 
Hydrogenated castor oil as insulator, 
409. 

Hydrogenated corn oil, 3.50. 
Hydrogenated edible oils, patents on, 
331. 

Hydrogenated fat compared with butter, 

338. 

Hydrogenated fat, edibility of, 323, 326, 
347. 

Hydrogenated fat in butter fat, 318. 
Hydrogenated fat in the manufacture of 
bread, 341. 

Hydrogenated fat, method of purifying, 
350. 

Hydrogenated fat, properties of, 290. 
Hydrogenated fatty acid, 377. 
Hydrogenated fish oil, 242, 338. 
(Hydrogem.'ed food product industry 
631. 

Hydrogenated lard compound, 321. 
Hydrogenated linseed oil, 387. 
Hydrogenat'-d linseed oil in white soap, 
388. 

Hydrogenated oil, analytical constants 
of, 281. 

Hydrogenated oil and baking powder, 
343. 

Hydrogenated oil and pulverulent mate¬ 
rial, 411. 

Hydrogenated oil as a powder, 342. 
Hydrogenated oil, ash of, 294. 
Hydrogenated oil, atomization, 342. 
Hydrogenated oil, color reactions, 293. 
Hydrogenated oil, detection of nickel in, 

339. 

Hydrogenated oil, digestibility of, 338. 


Hydrogenated oil, edible, 319. 

Hydrogenated oil, expansion of, 361. 

Hydrogenated oil, glycerine content, 313. 

Hydrogenated oil, harmless, 339. 

Hydrogenated oil, hydrogen in, 692. 

Hydrogenated oil in butter fat, detection 
of, 297. ■> 

Hydrogenated oil, keeping qualities of, 
337, 340, 411. 

Hydrogenated oil, partially, 308. 

Hydrogenated oil patent litigation, 605. 

Hydrogenated oil, sale of, 635. 

Hydrogenated oil, semi-solid, 632. 

Hydrogenated oil, tests for, 288, 302. 

Hydrogenated oil, utilization in soap 
making, 358. 

Hydrogenated olive oil, 242. 

Hydrogenated peanut oil, 286, 290, 291, 
294. 

Hydrogenated rosin, 403. 

Hydrogenated rosin in varnishes, 403. 

Hydrogenating by Lessing process, 240. 

Hydrogenating coal, 431. 

Hydrogenating, effect of glycerine, 32. 

Hydrogenating equipment, 508. 

Hydrogenating in presence of solvents, 
67. 

Hydrogenating oleic acid in presence of 
alkali, 79. 

Hydrogenation, acceleration of, 39. 

Hydrogenation apparatus for laboratory, 
76. 

Hydrogenation at high pressures, 175. 

Hydrogenation, batch method, 643. 

Hydrogenation beyond titre required, 
333. 

Hydrogenation, bubbling process, 620, 
626. 

Hydrogenation by catalytic action, 5. 

Hydrogenation by means of nickel oxide 
and metallic nickel, 213. 

Hydrogenation by nickel carbonyl, ^7. 

Hydrogenation by use of chloride of 
mercury, 144. 

jHydrogenation, catalyzer poisons, 223. 

Hydrogenation Co., 661. 

Hydrogenation, continuous method, 643. 

Hydrogenation curves, 101, 155, 226. 

Hydrogenation dependent on cheap hy¬ 
drogen, 596. 
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Hydrogenation, effect of pressure, 89. 
Hydrogenation, effect of water, 226. 
Hydrogenation, end of, 633. 
Hydrogenation, history of, 654. 
Hydrogenation in Germany, 212. 
Hydrogenation in solution, 210. 
Hydrogenation in solvents, 187, 280. 
Hydrogenation, instantaneous, 23, 693. 
Hydrogenation, Lewkowitsch's failure, 
617. 

Hydrogenation of benzol, 270. 
Hydrogenation of butter, lard and oleo¬ 
margarine, 660. 

Hydrogenation of carbon compounds, 
152. 

Hydrogenation of cholesterol, 283. 
Hydrogenation of cottonseed oil, incom¬ 
plete, 317. 

Hydrogenation of fatty acids, 280. 
Hydrogenation of Japanese fish oil, 137. 
Hydrogenation of oil by passage through 
a centrifuge, 21. 

Hydrogenation of oils containing the 
hydroxyl group, 38. 

Hydrogenation of oils in liquid state, 7, 
Hydrogenation of oleic acid, 80. 
Hydrogenation of oleic acid in a vapor¬ 
ized state, 26. 

Hydrogenation on color tests of oils, 285. 
Hydrogenation of petroleum, 154, 418. 
Hydrogenation of the benzol ring by 
nickel, 175. 

Hydrogenation, partial, 96. 
Hydrogenation plants, European, 399. 
Hydrogenation plants using water gas, 
461. 

Hydrogenation practice, 412. 
Hydrogenation process, 610. 
Hydrogenation process, cyclic, 22. 
Hydrogenation process of Lane, 82. 
Hydrogenation, products of, 105, 292. 
Hydrogenation, progressive, 663. 
Hydrogenation, selective, 25, 97. 
Hydrogenation, size of apparatus, 100. 
Hydrogenation, speed of reaction, 226. < 
Hydrogenation temperature, 39, 619. 
Hydrogenation, use of carefully dried oil, 
220 . 

Hydrogenation, use of formic acid, 140, 
194. 


Hydrogenation, use of stirrer, 620, 626. 
Hydrogenation, value of, 620. 
Hydrogenation with carbonyl, 239. 
Hydrogenation with charcoal catalyzer, 
149. 

Hydrogenation with dried oil, 140. 
Hydrogenation with formic acid, 251. 
Hydrogenation with nickel carbonyl, 
177. 

Hydrogenation with nickel, results ob- 
j tained by, 271. 

Hydrogenation jvithout a catalyst, 87. 
Hydrogenator for laboratory use, 53. 
Hydrogenit process, 521. 

Hydrogenite, 533, 595. 

Hydrogenized fats for food, 669. 

Hydroil, Ltd., 107, 208. 

Hydrolecithin, 323. 

Hydrolith, 533. 

Hydrosol, palladium, 264. 

Hydrosols, 207. 

Hydrosols, platinum, 249. 

Hydrosulphite, sodium, 273. 

Hydroxide, ferric, 273. 

Hydroxide, nickel, 202. 

Hydroxy fatty acids, 19, 84, 313. 
Hydroxy stearic acid, 3, 440. 

Hydroxyl group, 313. 

Hydroxyl group, reduction of, 313. 
Hydroxyl number of hardened oil, 284. 
Hydroxyl value, 309. 

Hydroxylamine, 250. 

Hyland, 308. 

Hypogeic acid, 291, 380. 

Hypophosphite, nickel, 137. 
Hypophosphite, sodium, 137. 
Hypophosphites, 174. 

Igniter, gas, 251, 264. 

Ignition catalyst, 167. 

Ignition catalyzer, 251, 264. 

Illuminants in oil gas, 424. 

Illuminating gas, 433, 620. 

Illuminating gas, hydrogen from, 476. 
Imbert, 2. 

Importation of fats by Germany, 349. 
Improved Equipment Co., 512. 
Impurities in fatty oils, 354. 

Impurities in oil, 211. 

Inaugural dissertation of RedfnrH fan 
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Indene, 116. 

Index of refraction, 281, 282, 287, 292. 

Inert carriers, 249. 

Inert gas, 169, 171, 194, 231. 

Inert gas, use of, 351. 

Indigo white, 87. 

Inductor, 48. 

Industria saponica, 208. 

Influence of time on progress of reduc¬ 
tion, 28. 

Infusorial earth, 58, 98,187, 519. 

Injector nozzles, 72. * 

Injector system, 36. * 

Instantaneous hydrogenation, 23. 

Institute of Hygiene, 347. 

Institution of Petroleum Technologists, 
428. 

Insulating compounds, 358. 

Insulating material, 84. 

Insulation, 3.59. 

Insulation from castor oil, 409. 

Int.'irnal combustion engines, hydrogen 
Irom, 480. 

International Oxygen Co,, .565, 571. 

International Wasserstoff, 595. 

Internationale Wasserstoff, 496. 

Iodi''c, silver, 273. 

Iodine, 113, 160, 162, 164, 419, 443. 

Iodine, cheap supply of, 2. 

Iodine number, 101, 155, 201, 215, 224, 
225, 287, 289, 290. 292, 295, 297, 304, 
309, 314, 317, 333, 357, 360, 302, 379, 
381, 392, 395, 397, 398, 424, 617, 655, 
059, 660, 663, 664, 692, 095, 701. 

Iodine number of oleic acid, 28. 

loiliae number, reduction of, 281. 

I(>Jine nunii)er time curves, 102. 

Iodine, purifying solution, 596. 

Iodine-sulphuric acid, 292. 

Iodine value, 345. 

Iodine values of Kream Krisp, 694. 

Ipatiew, 6,19,40,108,112,116,117,122, 
126, 170, 209, 220, 226, 424. 

Iridium, 34, 250, 261, 264, 275, 600. 

Iron, 106, 146, 152, 175, 190, 208, 230, 
246, 248, 265, 270, 276, 279, 294, 379, 
404, 422, 423, 426, 429, 430, 432, 437, 
438, 449, 451, 455, 504, 531, 605, 609, 
611, 613, 615, 618, 621, 628. 

Iron alloys, 499. 


Iron alloys for making hydrogen, 502. 
Iron-aluminum, 502. 

Iron and carbon dioxide, 517. 

Iron and sulphuric acid, 595. 

Iron arc, 62. 

Iron bars, 506. 

Iron boring, 485. 

Iron briquettes, 501. 

Iron, caking of, 491. 

Iron carbide, 502. 

Iron carbonate, 502. 

Iron, catalytic activity of, 137. 

Iron catalyzer, .52. 

Iron chloride, 513. 

Iron-copper, 502. 

Iron-copper couple, 459. 

Iron, effect of sulphur on, 485. 

Iron, fatty acid salts, 193. 

Iron filings, 137, 428, 498, 500. 

Iron, finely divided, 496. 

Iron, finely divided in gas cylinders, 592. 
Iron flakes for making hydrogen, 505. 
Iron formate, 191. 

Iron, fritting of, 499. 

Iron hydrate, 264. 

Iron, in making hydrogen, 448, 528. 
Iron-lead, ,502. 

Iron, molten, 501. 

Iron netting, 58. 

Iron nitrate, 146, 434. 

Iron on asbestos, 485. 

Iron ore briquettes, 502. 

Iron ore, sintering of, 492. 

Iron, organic salts of, 47, 130, 194. 

Iron oxalate, 452, 502. 

Iron oxide, 151, 167, 199, 402, 425, 426, 
448, 452, 4.55, 4.57, 501. 

Iron oxide catalyzer, 21. 

Iron oxide in electrolyte, 552. 

Iron oxide, removal of, 490. 

Iron, partial reduction, 486. 

Iron protoxide, 513. 

Iron pyrites, 486, 511. 

Iron pyrites waste, use of, 496. 

^ Iron, pyrophoric, 592. 

Iron, reaction of steam with, 485. 

Iron, reduced, 166. 

Iron, revivication of, 486. 

Iron salts, 486. 

Iron scrap, 509. 
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Iron scrap, percolation of acid through, 
517. 

Iron-silver couple, 459. 

Iron, sintering of, 507. 

Iron soap, 129. 

Iron sponge, life of, ,594. 

Iron-sponge steam process, ^40. 
Iron-sponge steam processes of making 
hydrogen, 485. 

Iron, spongy, 505. 

Iron-steam process, .595. 

Iron sulphate, 21, 516. 

Iron sulphide, 485. 

Iron tartrate, 151. 

Iron-vanadium, 502. 

Iron wire, 267. 

Iso butyl oleate, 90. 

Iso eugenol, 86. 

Iso-oleic acid, 79, 379. 

Isopentane, 116. 

Itaconic acid, 280. 

Ittner, 93, 1.50, 390. 

Iwag system, 496. 

Jackstones, 430. 

Jaffe, 300, 309. 

Jakowlew, 6. 

Janko, 302. 

Japanese fish oil, hydrogenation of, 137. 
Japanese sardine oil, 28,5. 

Japan wax soaps, 129. 

Japanese wood oil, 275. 

Japanned leather, 407. 

Jaquet, 264. 

Jaubert, 104, 106, 511, 520, 521, 524, 
530, 588, 595. 

Jaubert Method, 501. 

Jaubert's process, 533. 

Java citronella oil, 376. 

Jenki.i8, 617. 

Jerzmanowski, 446. 

Jewel compound, 691, 695. 

Jewel compound of Swift & Co., 687. 
Johlhig, 105, 108. 

Jolicard, 437. 

Jones, 247. 

Jones cell, 588. 

Joslin, 323, 350. 

Joukofi, 279. 

Jouve, 467. 


Jurgens, 313. 

Jurisch, 276, 279. 

Jute, 56. 

Jutol, 363. 

Jutolin, 363. 

Kadt, 37, 40, 129. 

Kahibaum’s nickel oxide, 201, 214. 

Kalle & Co., 254, 255. 

Kalmus, 112. 

Kalnin, 79. 

Kambara earth, 311. 

Kamps, 20, 43.* 

Kandcl, 3()3. 

Kandelin, 363. 

Kandctil, 363. 

Kandorit, 363. 

Kansas University, 350. 

Kaolin, 173, 275. 

Kaolin, water content, effect of, 275. 
Karitc, 401. 

Karl, 248. 

Karplus, 167. 

Kast, 128. 

Kato, 581. 

Katz, 314. 

Kausch, 534. 

Kaya oil, 336. 

Kayser, 15, 106, 131, 132, 147, 156, 212, 
633, 643, 650, 651, 652, 663, 666, 671, 
677, 697, 703. 

Kayser, history of, 661, 671. 

Kayser kieselguhr catalyzer, 131. 

Kayser process, 663. 

Kcebler, 356. 

Keeping properties of hardened oils, 337. 
Keeping quaUties, 411. 

Keeping qualities of hardened fat, 326. 
Keeping qualities of liquid oil, 354. 
Kelber, 164, 187, 194, 304, 316. 

Kelp, 2. 

Keratin, 262, 263. 

Kern, 273. 

Kerosene, 422, 432. 

Kerr, 296, 308. 

Kerzenit, 363. 

Kessener method of producing hydrogen, 
531. 

Ketones, 160, 271, 423. 

Kettle, nickel, 327. 
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Keutgen, 330, 331. 

Kiesciguhr, 49,58,98,109,131,133,135, 
139, 140, 147, 158, 176, 177, 192, 198, 
206, 241, 254, 344, 349, 404, 672, 673, 
693, 701, 703. 

Kieselguhr as a carrier for nickel cata¬ 
lyzer, 16. 

Kieselguhr, purified, 211. 

Killing, 264. 

Kimura, 58, 171, 000. 

Klimont, 105, 338, 339. 

Knapp, 287, 295, 337. ' 

Knorr, 318. * 

Knorre, 394. 

Kiiotte, 262. 

Kniiwlcs, 600. 

Knowles Oxygen Co., 361. 

Knowles purifying system, 597. 
Kohlenpiilver, 149. 

Kolmian, 341, 356. 

Kolbe, 5. 

Kov.'va.ar, 279. 

Kraift, 377. 

Kreain-Krisp, 630, 693. 

Kream-Krisp, composition of, 694. 
Krebitz process, 305. 

Kreif 280, 309. 

Ivrist, 402. 

Kritolit, 303. 

Krumtiaar, 205. 

Krunotin, 363. 

Krutoi, 36't 

Krutolin, 303, 383, 399. 

Krutello, 363. 

Kuess, 3. 

Laboratory apparatus of Voswinckel, 52. 
Laboratory hydrogenation apparatus, 76. 
Laboratory hydrogenator, 63. 

Lach, 382. 

Lackey, 350, 410. 

Lactate, titanium, 164. 

Lactates, 47, 108. 

Lactic acid, salts of, 130. 

Lactones, 79. 

Lactones, formation of, 285. 

Lahousse barium sulphide process, 626. 
L’Air liquide, 469. 

Lake, 608, 612. 

L’Aluminum Francais, 174. 


Lamp black, 473. 

Lamplough, 21, 424, 429. 

Landis, 536. 

Lane, 82, 171. 

Lane hydrogen process, 487. 

Lane process, 486. 

Lane proce^i, modified, 512. 

Lang, 339, 608. 

Langbein, 325. 

Langer, 110, 229, 232, 237, 448. 

Langer and Mond, 111. 
lianterns on electrolyzers, 667. 
Lanthanum oxide, 119. 

La Peyrousc, 85. 

Lard, 309, 310, 384, 398, 409, 647, 660. 
Ijird compound, 90, 319, 701. 

Ijard compound, change in color on 
standing, 335. 

lard compound, demand for, in United 
Stato, 352. 

Lard compound production, 319. 
lard compound, stringy, 075. 

Lard consistency, product of, 346. 

Lard cooler, 320. 

Lard-like fat, incompletely hydrogen¬ 
ated, 345. 

lard-likc fats, 58, 678. 

Lard-like products, 333, 632, 696. 

Lard, physical appearance, 679. 

Lard, rancid, 308. 

Lard substitute, production of, 319, 322. 
Lard substitutes, 701. 

Larsen, 586. 
latchinoff, 537. 

Lather-forming qualities of soap, 365. 
Lathering properties, 377. 

Lathering properties of milled soaps, 370. 
Lathering properties of soap, 380. 
Lathering properties of talgol mixture, 
367. 

Lathering qualities, 372, 396. 

Laundry soaps, 369, 374. , 

Laundry soaiM, hardened fish oils in, 368. 
Lavender oil, 377. 

^jeach, 673. 

Lead, 153. 246, 248, 254, 265, 379, 502. 
Lead carbonate, 530. 

Lead catalyzer, 21. 

Lead chlorate, 273. 

Lead, effect on platinum, 243. 
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Lead, electrodes, 644. 

Lead, molten, 267, 430. 

Lead nitrate, 456. 

Lead oleate, 164. 

Lead oxide, 162, 402, 421, 448, 455, 501, 
530. 

Lead stearate, 164. ♦ 

Lead, sulphide, 530. 

Leaf lard, 96. 

Leather belting, 408. 

Leather, harne.ss, 408. 

Leather industry, 405. 

Ijoavened bread, 356. 

Leavening composition, 343. 

Leavening ingredients, 343. 

IjC Blanc process, 515. 
lecithin, 323, 332, 3,57. 
leffer, 21. 

Lehmann, 125, 249, 258, 304, 324, 320, 
327, 347. 

leiradorfer, 170, 292, 326, 350, 358, 368, 
369. 

Lelarge, ,592. 

“ Lengthening ” of soap, 383. 

Leprince, 7, 123, 125, 207, 212, 351, 
372. 

Lepsius, 441, 446. 

Leroy, 559. 

Leslie, 430. 

Lessing, 41, 104, 239. 

Lever Bros., 211, 611. 
levi, 440. 
levin, 500, .571. 

Levin generator, 577. 

Levinstein, 401. 

Lewers, 680. 

Lewes process, 485. 

Lcvvkowitsch, 1, 281, 285, 314, 354, 617, 
620, 626. 

Lieber, 330. 

Liebig, 251. 

Liebmann, 54, 56, 146, 612, 615, 617, 
624, 629. 

Light oils, production of, 426. 

Lime, 428. , 

Lime and water gas, 594. 

Lime as a flux, .476. 

Lime, hydrated, 446, 

Lime, in making hydrogen, 444, 445. 
liime, recovery of, 446. 


Limonene, absorption of hydrogen by, 
209. 

Linde, 439, 470. 

Linde-Caro process, 43, 241. 

Linde Eismachinen, A.-G., 463. 
Linde-Frank-Caro, 595. 
Linde-Frank-Caro system, 464. 

Linde hydrogen apparatus, 465. 

Linde process, 534. 

Linde system, 461. 

Lindt, 296. 

Liniments, 410.^ 

Linoleatc, nickel, 130, 138. 

Linolcic acid, 89, 280, 287, 2,89, 301, 380, 
439, 609. 

Linoleic and linolcnic group, 333. 

Linolcic compounds, 322. 

Linolcnic acid, 280, 289, 325, 380, 39.3, 
439. 

Linolcnic acid, ethyl ester of, 51. 
Linolcnic anilides, 84. 

Linolcnic compound, 322. 

Linoleum industry, 353. 

Linolic acid, 287, 345, 393, 609. 

Linolic acid, ethyl ester of, 51. 

Linolin, 97, 652, 6.53, 6,54, 692, 694, 701, 
70(i. 

Linolith, 387, 388, 398, .399. 

Linseed oil, 12, 39, 52, 89, 10.5, 122, 139, 
154, 1.55, 156, 181, 200, 201, 205, 213, 
215, 216, 217, 218, 223, 224, 225, 242, 
275, 282, 283, 301, 310, 355, 301, 387, 
393, 396, 398, 401, 406, 607, 609, 615, 
657, 658. 

Linseed oil fatty acids, 50, 297. 

Linseed oil soap formulas, 388. 

Linseed oil, supply of, 352. 

Lipocromes, 637. 

Liquid, effect on catalyzer, 13. 

Liquid fats cause shortening, 345. 

Liquid hydrocarbons, 15. 

Liquid hydrogenated oil, 354. 

Liquid state, hydrogenation of oils, 7. 
Liquids, absorption of gases by, 600. 
Liquefaction apparatus, 462. 
Liquefaction and other methods for the 
removal of carbon monoxide, 460. 
Liquefaction by compression, 460. 
Liquefaction of water gas, 594. 
Liouefaction. partial. 468. 
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Lithium, 152. 

Lithium phosphate, 1S8. 

Litigation, 81. 

Litigation patent, 60S. 

Livcing, 233. 

Liver oil, 292. 

Lloyd, 308. 

Loew process, 419. 

Long, 246. 

Loock, 329. 

Low, 430. 

Ijow-grade fata for edible purposes, 328» 
Low titre of stenrine, 880. 

Lowe hydrogen process, 484. 

Ix)wenstein, 317, 3.54. 

L’Oxhydrique Frangaise, 560. 

Liibeck, 148. 

Lubricants, 358, 390, 411. 

Lubricants containing hardened oil, 402. 
Lucas, 151, 194, 426. 

Ludwig, 327. 

Lucning, .5.50. 

Luksck, 377. 

Lunibard, 405. 

Lysalbinate, sodium, 207, 2.58. 

Lysalbinic acid, sodium salts of, 245. 

McBain, 272. 

McCarty, 85, 562. 

McCaw, 034, 071, 677. 

McCaw Mfg. Co., 674. 

McCourt, 480. 

McElroy, 75, 149. 

McFarland, 691. 

Machine tallow, acid free, 368. 

Machined soap base, 370. 

'dadina'. -aia, 250. 

Magnesia, 150, 195, 428, 457, 480, 500, 
501. 

Magnesia-nickel, 476. 

Magnesium, 151, 246, 248, 267, 273. 
Magnesium carbonate, 243. 

Magnesium hydrate, 153. 

Magnesium nitrate, 169. 

Magnesium oxide, 119, 1.52, 254, 
Magnesium-platinum, 273. • 

Magnesium silicate, 187. 

Magnesium sulphate, 140. 

Magnetic catalyzer, 70, 169, 227. 
Magnetic field, Walter’s, 70. 


Magnetic filtration, 169. 

Magnetic method of separation, 201. 
Magnetic properties of carbonyl, 233. 
Magnetic rotation of nickel carbonyl, 
233. 

Magnetite, 499. 

Magnier, 3. 

Mailhe, 5,«24, 109, 256, 427. 

Majert, 526. 

Majima, 285. 

Maleic acid, 280. 

Malonates, 48. 

Malt extract, 107. 

Maltodextrin, 107. 

Manganese, 151, 168, 198, 455, 499, 
502. 

Manganese carbonate, 151. 

Manganese dioxide, 422, .502, 535. 
Manganese ores, 495. 

Manganese oxide, 152,167, 402,448,457, 
501. 

Manganese oxide as catalyzer, 21. 
Manganite, calcium, 21. 

Manganosilicon, 524, 533. 

Manganous oxide, 535. 

Mann, 438. 

Mannich, 259, 309, 315. 

Mannino, 85. 

Manufacture of catalyzers on the large 
scale, 144. 

Manufacturing cost of lard substitute, 
322. 

Marbled soap, 375. 

Marcus.son, 25, 283, 302, 308, 310, 311. 
Marengo, 516. 

Margarine, 354, 399, 660. 

Margarine and lard compound, cotton¬ 
seed oil in, 3.54. 

Margarine, demand for, 352. 

Margarine, feeding tests on, 337. 
Margarine, fish oil in, 339. 

Margarine industry, detriment to, 329. 
Margarine manufacture, edible fs^s in, 
339. 

Margarine manufacture, introduction of 
hydrogenated products in, 355. 
Margarine, melting point of, 3‘25. 
Margarine, peanut oil for, 324. 
Margarine, peanut oil in, 353. 

Margarine plants, 329. 
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Margarines, capacity for holding water, 
35S. 

Margarines having nutritive value of 
butter, 355. 

Marie, 275. 

Marine animal oils, 372. 

Marine animal oils, specific reaction of, 
300. « 

Marine oils and rape oil, 313. 

Marine oils, detection of, 311. 

Marine oils, hydrogenated, 309. 

Markel, 38. 

Marsh apparatus, 235. 

Martha, 230. 

Martin, 278. 

Maryott, 67. 

Maschincnbau-Anstalt Humboldt, 465. 
Matte, nickel, 232, 

Matte, nickel copper, 236. 

Maumene number, 101. 
Mauricheau-lleaupre method, 525. 
Mauricheau-Bcaupre system, 595. 
Maxted, 95, 166, 458, 509. 

May, 649. 

Mayer, 6, 123, 271, 283, 338, 339. 

Meal, fish, 3.50. 

Mean effective temperature, 39. 
Measurements of resistance, 203. 
Mechanism of hydrogen addition, 265. 
Meerschaum, 254, 259. 

Meigen, 9, 124, 128, 183, 210, 211, 216, 
220, 226, 313. 

Mellersch-Jackson, 197. 

Melting point, 103, 202, 205, 281, 292, 
295, 298, 304, 310, 357, 362, 381, 392, 
410, 632, 633, 663, 695, 701. 
Melting-point of butter, fat having, 332. 
Melting point of Burchanal’s product, 
345. 

Melting point of cotton oil, 341. 

Melting point of margarine, 325. 
Mendelstam, 64. 

Menh/iden oil, 162, 298, 299, 353. 
Menhaden oil, composition of, 300. 
Mercuric chloride, 247, 525. 

Mercuric oxide, 526.' 

Mercury, 164, 437, 526. 

Mercury chlorate, 273. 

Mercury chloride^ 144. 

Mercury temp, 73. 


Mercury oxide, 264. 

Mercury vapor lamp, 33. 

Merz, 446. 

Mesaconic acid, 280. 

Messerschmitt, 490. 

Messerschmitt process and improved 
types of apparatus, 502. 

Messerschmitt process, reactions in, 493, 
494. 

Metal catalyst, traces of, 3!>G. 

Metal, catalytic in oil, 319. 

JMetal hydrides, 275. 

Metal oxide, finely divided, 348. 

Metal oxides, free of water, 223, 

Metal powder, catalyzer, 147. 

Metal powd(TS, conductivity of, 202. 
Metal soap, 129, 198, 

Metal soaps as catalyzers, 40. 

Metallic diaphragm, .561. 

Metallic diaphragm cell, .5.50. 

Metallic formates, 78, 191. 

Metallic iron, 496. 

Metallic mirror, 162, 235. 

Metallic nickel, 124, 125, 183, 204, 210, 
213, 224, 225, 231, 236, 325. 

Metallic nickel, absence of, 211. 

Metallic nickel, formation of, 200. 
Metallic nickel in catalyzers, 9. 

Metallic nickel, loss of conductivity, 219. 
Metallic nickel not conveyor of hydro¬ 
gen, 220. 

Metallic nickel, precipitation of, 137. 
Metallic nickel us. nickel oxide, 207. 
Metallic oleates, 191. 

Metallic organosols, 253. 

Metallic oxide catalyzer, 19. 

Metallic oxides, 107, 199, 203. 

Metallic platinum, 245. 

Metallic septa, 561. 

Metallic soaps, 196. 

Metallic zinc, 248. 

Metalloids, 264. 

Mctallo-organic compounds, 188, 197. 
Metallo-organic salts, 47. 

Metals, activity of, 276. 

■Metals as carriers, 254. 

Metals, platinum, 242, 243. 

Methane, 110, 112, 260, 436, 453, 454, 
480, 494. 

Methane as an impurity, 502. 
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Methane, decomposition of, 478. 

Methane, manufacture of, 629. 

Method, digitonin, 283. 

Methods of hydrogenation, 1. 
Methylamine, 8. 

Methyl ester of cinnamic acid, 86. 

Methyl olcate, 90. 

Methylcyclopentane, 267. 

Metropolitan laboratories, 45. 

Metz, 276. 

Mewes, 470. 

Mexican oil, 433. • 

Meyer, 246, 2.63, 260, 3I«. 

Mcyerhcim, 25, 108, 283, 310, 328. 

Mica, 201, 251, 256. 

Mice, experiments with, 339. 

Mice, testa with, 3.67. 

Military purposes, hydrogen for, 80. 
Milled soa]) from hardened oil, formula 
for making, 370. 

Miller, .684. 

Millian test, 3.6.6. 

Milk, 332. 

Milk of lime, 468. 

Mineral acids, 443. 

Mineral oil, 21, 107, 403, 411. 

Mineral oil exposed to ultraviolet rays, 
42.6. 

Mineral oil on electrolyte, 561. 

Mineral oils and residues, 421. 

Mineral wool, 251. 

Mirror, nickel, 125, 139, 205, 230. 

Mirror test, 217. 

Mirrors, metallic, 162. 

Mittasch, 155, 190, 256, 259, 260, 456 
470 . 

Mixed glycerides, 337. 

Mock, 107. 

Moeller, 423. 

Moelloft, 407. 

Moissan, 114, 611, 613, 614, 615, 620. 
Moisture content of margarine, 356. 
Moisture forming fatty acid, 140. 
Moisture in hydrogen, 696. 

Moisture, removal of, 140. 
Moldenhauser, 447, 449, 499. 

Molten lead, 267. 

Molten metal, hydrogen from, 501. 
Molybdates, 152. 

Molybdenum, 168. 


Mond, 110, 229, 231, 232, 233, 236, 
448. 

Mond and Langer, 111. 

Mond plant, 241. 

Monoxide, carbon, 110, 166, 231, 237, 
240, 241, 250, 274. 

Monoxide, silicon, 149. 

Monteux, 4^6. ' 

Montlaur, 251. 

Moore, 64, 96, 119, 123, 124, 166, 203, 
208, 317, 418, 448, 639, 693. 

Moore process, 64, 039, 644, 693. 
Morawitz, 256, 260. 

Moreschi, 310. 

Morey, 1.57, 1.58, 159. 

Morgan-Hrown, 85. 

Moritz, 559. 

Morrell, 90. 

MorrUl, 87. 

Morris-Airey, 246. 

Morrison. 188, 635, 647, 6.53, 671, 689, 
697. 

Motor spirit, 421. 

Motor spirit from peat tar, 422. 

Motor spirit, manufacture of, 428. 
Mourew, 611, 613. 

Mouries, 329. 

Mueller, .588. 

Muller, 114, 137, 208, 289, 291, 326, 339, 
379, 449. 

Muller speisefettfabrik, A. G., 185. 
Multiple Retort System of Improved 
Equipment Co., 512. 

Multiple type of electrolyzer, 572. 
Munroe, 252. 

Mustard oil, 255. 

Mutton tallow, 289, 6,57. 

Myristic acid, 299, 300, 314. 

Naamlooze Vennootschap, 7, 132. 
Naamlooze Vennootschap Ant. Jurgens, 

• 170, 212, 250, 348, 406. 

Naher, 449, 504. 

Naphtha, 424. 

Naphtha acids, 83. 

Naphtha, crude, 430. 

Nahptha heptanophthene, 258. 
Naphthalene, 398. 

Naphthenes, 611. 

Naphthenic acids, crude, 402. 
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Naphtbol, 222. 

Nascent hydrogen, 271, 273, 274. 
Nascent hydrogen, reduction of oleic 
acid by, 2. 

Nascent nickel, 239. 

Nasini, 233. 

National Ox-hydric Co., 570. 

National Provisioner, 326. * 

Natrolite, 261. 

Natural gas, 420. 

Natural gas, decomposition of, 478. 
Natural gas, hydrogen from, 438, 484. 
Natural Science Society in Freiburg-in- 
Breisgau, 211. 

Neidenfuhr, 257. 

Netting, iron, 58. 

Netting of nickel, 58. 

Netting, silver, 58. 

Neumann, 256. 

Neutral fats, making, 32. 

Neutral soap, 370. 

Neutralization value, 288. 

Neville, 605, 621. 

New York Oxygen Co., 446. 

Ney, 60. 

Nickel, 17, 24, 39, 40, 54, 63, 69, 73, 74, 
95, 96, 108, 110, 112, 113, 119, 136, 
1.52, 158, 168, 175, 178, 179, 190, 198, 
208, 246, 265, 275, 276, 285, 289, 402, 
404, 406, 420, 423, 424, 426, 428, 429, 
430, 433, 437, 438, 449, 451, 455, 479, 
502, 513, 529, 531, 605, 609, 611, 613, 
618, 621, 628. 

Nickel, absorption of hydrogen by, 60. 
Nickel acetate, 130, 138, 139, 147, 151, 
179, 183, 194, 198, 437. 

Nickel, activation of, 128. 

Nickel, activity of, 270. 

Nickel adsorjjtion, 174. 

Nickel-alumina, 176, 192. 

Nickel ammonium formate, 154. 

Nickel and cobalt, separation of, 170. 
Niekel and copper carbonates, 55. 

Nickel and copper catalyzer, 56. 

Nickel and copper hydrates, 55. 

Nickel and glass,‘176. ' 

Nickel and hydrogen on hydrocarbons, 
267. 

Nickel and nickel carbonate, 225. 

Nickel, anhydrous oxides, 115. 


Nickel arc, 174. 

Nickel-asbestos, 420. 

Nickel benzoate, 186. 

Nickel black, 210. 

Nickel, blank test, 306. 

Nickel borate, 179, 183, 207. 

Nickel borate used for hardening, anal¬ 
ysis of, 180. 

Nickel boride, 186. 

Nickel by reduction of chloride, 271. 

Nickel carbide, 120, 138, 186, 222. 

Nickel carbonate, 41, 52, 54, .56, 58, 120, 
138, 142, 147,-148, 15.5, 1,59, 163, 165, 
169, 177, 186, 187, 190, 193, 197, 200, 
202, 205, 207, 219, 222, 223, 316, 437, 
451, 613, 617, 620. 

Nickel carbonate, ammoniacal, 1,54. 

Nickel carbonate, basic, 98, 225. 

Nickel carbonate, heating in oil, 227. 

Nickel carbonyl, 20, 41, 43, 63, 119, 135, 
141, 177, 198, 210, 229, 233, 235, 239, 
443, 4.56, 480. 

Nickel carbonyl apparatus, 234. 

Nickel carbonyl as a source of nickel 
catalyzer, 237. 

Nickel carbonyl, decomposing in oil, 238 

Nickel carbonyl, decomposition of, 20. 

Nickel carbonyl, decomposition under 
pressure, 237. 

Nickel carbonyl, detonation of, 231. 

Nickel carbonyl for production of cata¬ 
lytic material, 43. 

Nickel carbonyl formation, 206. 

Nickel carbonyl non-conducting, 233. 

Nickel carbonyl plant, 241. 

Nickel carbonyl, preservation of, 232. 

Nickel carbonyl process, 207. 

Nickel carbonyl process, commercial, 
241. 

Nickel carbonyl reaction, 214, 217, 227. 

Nickel carbonyl, reactions of, 231. 

Nickel carbonyl reaction on catalyzers, 
205. 

Nickel carbonyl, solubility in alcohol, 
235. 

Nickel carbonyl, solubility in chloro¬ 
form, 235. 

Nickel carbonyl, solubility in petroleum, 
235. 

Nickel carbonyl test, 184. 
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Nickel carbonyl test for metallic nickel, 
204. 

Nickel carbonyl vapor, 234, 237. 

Nickel carbonyl, vapor tension of, 230. 
Nickel carbonyl volatilizer, 236. 

Nickel catalysis, 270. 

Nickel catalyst, process of making, 159. 
Nickel, catalytic activity of, 137. 

Nickel catalyzer, 12, 98, 118, 284, 311, 
313, 324, 325, 357, 361, 392. 

Nickel catalyzer from carbonyl, 237. 
Nickel catalyzer in fla^ form, 140. * 

Nickel catalyzer, making, 610. 

Nickel catalyzer with silica, 175. 
Nickcl-charcoal, 136. 

Nickel-charcoal, activated, 1.50. 
Nickel-charcoal catalyzer, 149. 

Nickel chloride, 131, 166, 179, 328. 
Nickel coating, 174. 

Nickel-cobalt catalyzer, 128. 

Nickel, colloidal, 160, 189, 207, 217, 417, 
■137. 

Nickel, comparison of activity, 187. 
Nickel compounds, conductiviiy of, 202. 
Nickel compounds, existence of volatile, 
229. 

Nickel compounds in catalytic processes, 
147. 

Nickel compounds, reduction of, 134. 
Nickel, conductivity of, 119. 

Nickel content, 123. 

Nickel ci.otcnt in hardened oil, 324. 
Nickel content of edible fats, 326. 

Nickel content of hardened oil, deter¬ 
mination of, 304 

N ickel CO* I -nt of recovered catalyst, 214. 
Nickel content on a daily consumption 
of hardened fat, 326. 

Nickel-copper, 136. 

Nickel-copper catalyzer, 128. 

Nickel copper matte, Canadian, 236. 
Nickel, decomposing action of, 268. 
Nickel, degree of combination with hy¬ 
drogen, 271. 

Nickel, deposition of, 174. , 

Nickel, detection in hydrogenated oil, 
339. 

Nickel, detection of, 89. 

Nickel, determination of, 203. 

Nickel discs, 429. 


Nickel dust, 81. 

Nickel, effect of, 210. 

Nickel, effect of hot fats, 325. 

Nickel, electrical disintegration, 142. 
Nickel, electrically disintegrated, 174. 
Nickel electrode, 5, 539, 560, 571, 572, 
583. , 

Nickel, electrolysis of, 175. 

Nickel, excretion of, 330. 

Nickel exposed to nitrogen, 315. 

Nickel, extraction from ores, 234. 

Nickel, extraction of, 237. 

Nickel, fatty acid salts, 193. 

Nickel filings, 613. 

Nickel, finely dividerl, 233, 248, 331, 344. 
Nickel, first use as a contact body, 110. 
Nickel flake, 219. 

Nickel for making hydrogen, 453. 

Nickel for removal of sulphur, 597. 
Nickel formate, 48, .52, 79, 125, 130, 138, 
140, 147, 179, 183, 191, 192, 194, 198, 
200, 202, 205, 224, 225, 227, 406, 437. 
Nickel formate, basic, 226. 

Nickel formate, heating in oil, 227. 
Nickel formate, making, 224. 

Nickel, formation of, 219. 

Nickel, free, 201. 

Nickel, free metal necessary, 211. 

Nickel from nickel carbonyl, 237. 

Nickel gauze, 449. 

Nickel gauze cathode, 280. 

Nickel glycerate, 197. 

Nickel, “healthy,” 271. 

Nickel hydrate, 109, 115, 131, 138, 146, 
147, 149, 153, 155, 159, 163, 169, 172, 
177, 186, 207, 210, 613, 615, 

Nickel hydrate, green, 232. 

Nickel hydride, 66, 693. 

Nickel-hydrogen system, 272. 

Nickel, hydrogenation with, 271. 

Nickel hydroxide, 88, 158, 176, 202,451. 
Nickel in candle stock, 381. ^ 

Nickel in cotton oil, 328. 

Nickel in edible products, study of, 326. 
Nickel in fats, detection of, 305. 

Nickel in fats, determination of, 328. 
Nickel in fish oil, 338. 

Nickel in foodstuffs, 327. 

Nickel in hardened fat, 347. 

Nickel in hardened oils, 361. 
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Nickel in making hydrogen, 448. 

Nickel in oil, effect of hydrogen, 305. 

Nickel in oil, test for, 288, 292, 295, 296. 

Nickel industry, 241. 

Nickel-iron, 136. 

Nickel, Kerr test for, 296. 

Nickel kettle, use of, 327. 

Nickel kicselguhr, 672, 673. * 

Nickel kieselguhr catalyzer, 206, 241. 

Nickel leaves, 95. 

Nickel-lined receptacles, 326. 

Nickel linolcate, 130, 138. 

Nickel-magne.sia, 4,56, 476. 

Nickel, making reduced, 171. 

Nickel, metallic, 124, 12,5, 183, 188, 200, 
204, 207, 210, 213, 224, 231, 232, 236, 
325. 

Nickel, metallic condition of catalyzer, 
130. 

Nickel, metallic, tests of, 214. 

Nickel mirror, 125, 139, 205, 217, 230. 

Nickel, nascent, 239. 

Nickel netting, 52, .58. 

Nickel nitrate, 55, 56, 58, 80, 109, 112, 
121, 126, 128, 131, 146, 1.50, 1.53, 155, 
169, 170, 172, 176, 197, 198, 199, 224, 
271, 412, 434, 437, 453, 456, 480, 613, 
620. 

Nickel nitrate and sugar, 213. 

Nickel, non-pyrophoric, 158, 276. 

Nickel oleate, 130,138,183,195,219,227. 

Nickel oleate in hydrogenating oils, 197. 

Nickel on copper, 167. 

Nickel on earthenware, 11. 

Nickel on glass, 119. 

Nickel on kieselguhr, 49. 

Nickel on pumice, 80. 

Nickel ores, 232. 240. 

Nickel, organic salts of, 47,122,135,130. 

Nickel oxalate, 148, 153, 194. 

Nickel, oxidation of, 413. 

Nickel oxide, 19, 39, 40, 52, 54, 74, 88, 
10«, 111, 114, 116, 118, 123, 135,146, 
147, 151, 155, 162, 164, 168, 169, 186, 
189, 201, 202, 203, 204, 206, 207, 209, 
210, 213, 217, 22 I, 223, 262, 271, 325, 
396, 402, 406, 410, 419, 421, 426, 428, 
437,451,476, 479, 596,611, 617. 

Nickel oxide and aldehydes, 205. 

Nickel oxide, anhydrous, 220. 


Nickel oxide as a catalyzer, 224. 

Nickel oxide catalyzer, 120, 133, 199, 
218, 271, 313. 

Nickel oxide catalyzer at high pressures, 
209. 

Nickel oxide, colloidal, 222. 

Nickel oxidCj complex, 142. 

Nickel oxide, conductivity of, 201. 

Nickel oxide Oocculated, 218. 

Nickel oxide free of carbon, 222. 

Nickel oxide from various sources, 620. 
Nickel oxide, green, 98, 20.5. 

Nickel oxide in aMry atmosphere, reduc¬ 
tion of, 221. 

Nickel oxide catalysts, measurements of 
resistance used, 210. 

Nickel oxide obtained by calcination, 
11,5. 

Nickel oxide, once used, 207, 

Nickel oxide paste, 50. 

Nickel oxide, reduction in non-oily 
bodies, 220. 

Nickel oxide, reduction of, 126. 

Nickel oxide suspended in oil, reduction 
of, 221. 

Nickel oxide teats, 201. 

Nickel oxide vs. nickel, 128. 

Nickel oxide, voluminous, 224. 

Nickel oxyhydrates, 220. 

Nickel palmitate, 120. 

Nickel pellets, 236. 

Nickel perhydride, 270. 

Nickel plates, 436. 

Nickel, plating with carbonyl, 233. 
Nickel, poisoned, 160, 270. 

Nickel poisoning, 347. 

Nickel poisons, 109. 

Nickel potassium cyanide, 124. 

Nickel powder, 131, 148, 169, 330, 622. 
Nickel protoxide, 617. 

Nickel, pure, 128. 

Nickel, pyrophoric 72,110,114, 115,132, 
422, 437, 613, 626. 

Nickel, quantitative determination, 328. 
Nickel, reduced, 267. 

Nickel reduction, 112. 

Nickel reduction in ammonia, 171. 
Nickel, removal of, 94. 

Nickel, reviving for carbonyl, 232. 
Nickel rods, 21, 428. 
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Nickel salt catalyzer, 340. 

Nickel salts, 200. 

Nickel salts of organic acids, 119. 

Nickel “shapes,” 167. 

Nickel-silica, 175, 177, 192. 

Nickel silicate, 160, 177, 185. 

Nickel sludge, 142. 

Nickel soaps, 94, 120, 122, 129, 139, 195, 
227, 288, 324, 325, 637, 656, 703. 
Nickel soaps, presence of, 372. 

Nickel solutions, reduction of, 170. 

Nickel speiss, 232. ' 

Nickel, spent, recovery‘of, 171. 

Nickel, S|)ongy, 280. 

Nickel stearate, 120, 183, 227. 

Nickel suboxide, 9, 118, 119, 122, 124, 
126, 138, 148, 182, 189, 200, 203, 207, 
208, 209, 426. 

Nickel suboxidc, addition coiniKiund,221. 
Nickel suboxide, colloidal, 120. 

Nickel suboxide, existence of, 210. 

Ni' kel suboxide, formation of, 184 
Nickel suboxidc, hydride, 216. 

Nickel suboxidc, proof of, 184. 

Nickel sulphate, 109, 131, 133, 135, 137, 
155, 159, 177, 185, 273, 412, 610, 617, 
620, 627, 703. 

Nickel, sulphide in soap, 372. 

Nickel tartrate, 194. 

Nickel, temi)eraturc of reduction, 114. 
Nickel, toxicity of, 326. 

Nickel, tr 'ccB in fat, 411. 

Nickel, traces of, 379. 

Nickel tubes, 81, 529. 

Nickel utensils, use of, 348. 

Nickel ti«. nickel oxide, 128. 

Nickel win 52, 57, 81, 95. 

Nickel wire netting, 154, 156. 

Nickelized asbestos, 12. 

Nickelized pumice, 13, 50. 

Niekelware in the preparation of food, 348. 
Nicolet, 176. 

Niobium, 254. 

Niobium oxide, 152. 

Nitrate, cobalt, 146. 

Nitrate, copper, 55, 56, 146. 

Nitrate, iron, 146. 

Nitrate, metallic, 175. 

Nitrate, nickel, 55, 56, 58, 109, 112, 121, 
126, 128, 131, 146, 150, 153, 199. 


Nitrate, potassium, 274. 

Nitrate, silver, 147. 

Nitrate, sodium, 166. 

Nitrate, thorium, 264. 

Nitrates of platinum and palladium, 249. 
Nitric oxide, 251. 

Nitrils, 16(^ 

Nitrobenzene, 86, 107, 153, 248, 614. 
Nitrocompounds, 168, 195, 270. 
Nitrogen, 169, 171, 194, 442, 470. 
Nitrogen and hydrogen mixtures, 532. 
Nitrogen, boiling point, 461. 

Nitrogen Co., 501. 

Nitrogen Ges. m.b.II., 168. 

Nitrogen oxides, 610. 

Nitrogen, removal of, 467, .597. 

Nitrogen, treating nickel, 315. 
Nitrogenous colloid, 171. 

Nitromethane, 8. 

Nitrophenol, 8. 

Nitroprusside test, 318. 

Noding, 505. 

Noll, 94. 

Non-pyrophoric catalyzer, 276, 316. 
Non-pyrophoric nickel, 626. 

Nood, 11. 

Normann, 7, 81, 183, 184, 200, 201, 203, 
204, 205, 206, 207, 211, 212, 223, 258, 
281, 284, 286, 313, 326, 327, 381, 405, 
614, 621, 629, 643, 655, 665, 682, 693, 
697. 

Normann patent, 605, 703. 

Normann patent sale, 8. 

Normann process, 9, 283, 614. 

Norwegian hydrogenated whale oil, 
361. 

Nozzles, injector, 72. 

Number, acetyl, 284. 

Nut margarine, melting point of, 356. 

Obach, 547. 

Occluded hydrogen, 132. 

Occlusion of hydrogen, 265. 

Octane, 86, 436. 

Octene, 86. , 

Octodecyl alcohol, 284, 311. 
Odor-forming nitrogenous impurities in 
fish oil, 360. 

Odor from gasoline by desulphurization, 
425. 
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Odor not absorbed by hardened od, 338. 
Odor of cracked oils, 423. 

Odor of fish oil, 338, 383, 360. 

Odor of soaps, 368. 

Odor of soaps made from hardened oils, 
372. 

Odor of soaps made from hydrogenated 
oil, 377. * 

Odor of talgol, 364, 368. 

Odorless fish oil, 362. 

Oechelhauser, 476. 

Oehme, 323. 

Oelverwertung, G. m.b.H., 175. 
Oelwerke' Germania, 9, 201, 207, 351, 
363, 399, 629. 

Oelwerke hydrogen, 406. 

Oerlikon, 575. 

Oettle, 500. 

Offal, fish, 

Offerdahl, 330, 

Ohmann, 591. 

Oils, albumin in, 109. 

Oil, almond, 301, 310, 658. 

Oil, animal, 372. 

Oil, artificial geranium, 376. 

Oil atomization, 342. 

Oil, before and after hardening, 89. 

Oil, bleaching, 61. 

Oil, blue chamomile, 256. 

Oil, calamary, 392. 

Oil caus&s, shortening, 345. 

Oil, castor, 39, 88, 188, 242, 244, 248, 
250, 259, 275, 283, 284, 309, 313, 337, 
348, 359, 375, 381, 389, 394, 398, 409, 
659. 

Oil, Chinese wood, 361, 396. 400, 411. 
Oil, chrysalis, 311, 361, 402. 

Oil, cocoanut, 88, 282, 290, 309,319,331, 
333, 335, 355, 3.59, 364, 365, 366, 368, 
369, 370, 373, 375, 393, 398, 409, 439, 
692. 

Oil, cod, 162, 301. 

Oil, hold liver, 242, 275, 310, 348, 637. 
Oil colloids, 252. 

Oil, color test, 285^ 301. 

Oil containing dissolved nickel, effect of 
hydrogen on, 306. 

Oil, copra, 354, 361. 

Oa, com, 87, 96, 282, 334, 335, 343, 350, 
396, 408, 410, 439. 


Oil, cotton, 20, 39, 48, 55, 56, 58, 60, 89, 
96, 98, 104, 123, 128, 130, 134, 137, 
138, 140, 143, 148, 155, 161, 164, 177, 
179, 181, 185, 194, 200, 201. 205, 213, 
214, 215, 216, 217, 218, 223, 225, 238, 
242, 248, 255, 263, 281, 282, 283, 285, 
289, 290, 291, 301, 304, 305, 306, 308, 
319, 320, ^23, 325, 328, 331, 334, 336, 
338, 339, 341, 343, 344, 345, 346, 347, 
348, 349, 352, 3.54, 357, 361, 368, 383, 
396, 399, 407, 409, 410, 609, 610, 637, 

•• 639, 645, 655, 660, 671, 675, 692, 697, 
701, 703. • 

Oil, cracking, 150. 

Oil, croton, 637, 658, 660, 661. 

Oil, cruciferous, 316. 

Oil, dab, 392. 

Oil, decomposition for hydrogen, 473. 

Oil, dogfish, 163. 

Oildom, 420. 

Oil, edible, 338. 

Oil, edible hydrogenated, 319. 

Oil, effect of impurities, 168. 

Oil, electrical treatment of, 61. 

Oil, essential, hydrogen number of, 255. 

Oil, filtration of, 189. 

Oil, fish, 25, 73, 83, 87, 147, 1.53, 1.55, 
242, 248, 281, 285, 286, 287, 291, 292, 
295, 301, 328, 329, 338, 339, 349, 3.50, 
353, 3.58, 359, 360, 362, 368, 372, 378, 
390, 392, 394, 39.5, 390, 398, 401, 405, 
409, 411, 607, 609, 612. 

Oil for cooking purposes, 3.54. 

Oil gas, 420, 595. 

Oil, glycerine in, 313. 

Oil, grape seed, 39. 

Oil, hardened and flour, 646. 

Oil, hardened, expansion of, 361. 

Oil hardening tank explosion, 603. 

Oil, herring, 163, 392. 

Oil, hydrogen absorbed, 695. 

Oil, hydrogenated and baking powder, 
343. 

Oil, hydrogenated, harmless, 339. 

Oil, impurities affecting catalyzer, 311. 

Oil in gas cylinders, 592. 

oa, Japanese wood, 275. 

Oil, Java citronella, 376. 

Oil, kaya, 336. 

Oil, keeping qualities of, 411. 
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Oil, keeping qualities of hydrogenated, 
337. 

Oil, linseed, 12,39,89,105,122,139,164, 
155, 1,56, 181, 200, 201, 205, 213, 215, 
216, 217, 218, 223, 224, 225, 242, 275, 
282, 283, 301, 310, 352, 355, 3.59, 361, 
387, 393, 396, 398, 401, 40g, 409, 607, 
609, 615, 657, 658. 

Oil, liver, 292. 

Oil, low grade, 328. 

Oil, magnetic filtration of, 169. 

Oil, marine animal, 300, 372. 

Oil, menhaden, 162, 298*299, 353. 

Oil, mineral, 21. 

Oil, mustard, 2.55. 

Oil of bitter almonds, 367. 

Oil of citronella, 307. 

Oil of lavender, 367. 

Oil, olive, 89, 96, 1.53,167, 200, 203, 242, 
244, 253, 2.54, 287, 310, 31.5, 350, 410, 
439, 607, 609, 655, 6.56, 6.59, 660, 692. 

Oil, olive, substitute, 308. 

Oil, ozonized, 282. 

Oil, Paint and Drug Reporter, 390, 399. 

Oil, palm, 44. 282, 336, 3.59, 361, 386, 
409 

Oil, Palma Rosa, 376. 

Oil, palm kernel, 294, 309, 328, 331, 365, 
368, 374, 378, 385, 388, 393, 409. 

Oil, partially hydrogenated, 308. 

Oil, peanut, 89, 96, 140, 2.50, 2,59, 282, 
286, 29C, 291, 294, 304, 305, 310, 325, 
339, 347, 3.53, 355, 361, 369, 388, 393, 
396, 409, 692. 

Oil, petroleum, 20, 154. 

Oil polymo’-ized, 164. 

Oil, poppy, 310. 

Oil, rancid, 43. 

Oil, rape, 39,181, 223, 220 ,285, 286,301, 
309, 313, 315, 396, 609. 

Oil, reduction of catalyzer in, 140. 

Oil, refining chrysalis, 311. 

Oil, remedial food, 330. 

Oil, ricinoleic, 301. 

Oil, salad, 354. 

Oil, sardine, 285, 353, 392, 411. 

OU, seal, 292, 330, 353. 

Oil, semi-hardened, 161. 

Oil, sesame, 155, 200, 204, 206, 209, 210, 
223, 225, 282, 285, 290, 291, 294, 304, 


305, 309, 310, 324, 325, 339, 347, 349 
637, 660, 692. 

Oil, shark liver, 391. 

Oil, soluble, 280, 401. 

Oil, soya bean, 88, 92,105,155, 181, 210, 
282, 308, 333, 352, 353, 361, 409, 411. 
Oil spray, 6|4. 

Oil spray process, 663. 

Oil, steaming, 200. 

Oil, sulphonated, 401, 407. 

Oil, sunflower, 105, 297, 339, 361, 657. 
Oil tar, carbonyl in, 233. 

Oil, temperature required for, 218. 

Oil, thickening of, 61. 

Oil to be hardened for edible purposes, 
328. 

Oil, torpedo liver, 391. 

Oil, train, 73, 373, 381. 

Oil, treatment with copper hydrate, 162. 
Oil, treatment with silver oxide, 162. 

Oil, turkey red, 280. 

Oil, turtle, 392. 

Oil, tung, 361, 396, 400, 411. 

Oil, vacuum treatment of, 200. 

Oil, vegetable, 319, 333. 

Oil, whale, 30, 39, .5.5, 72,89,92,155,181, 
200, 205, 282, 284, 290, 291, 292, 295, 
301, 303, 314, 324, 325, 329, 330, 337, 
339, 3,52, 353, 3.55, 3,56, 360, 362, 368, 
378, 390, 392, 394, 395, 396, 397, 398, 
405, 409, 411, 609, 612. 

Oil, wild cucumber, 357. 

Oil, wood, 242, 361, 396, 400, 411. 

Oil, worsted, 308. 

Ointment, 410. 

Ointment, palladium, 253. 

Okada, 285. 

Oleate, 125, 410. 

Oleate, amyl, 91. 

Oleate, benzyl, 91. 

Oleate, butyl, 90. 

Oleate, ethyl, 90. 

Oleate, glycerine, 91. 

Oleate, lead, 164. 

Oleate, metallic, 196. , 

Oleate, methyl, 90. 

Oleate, nickel, 130, 138, 183, 195, 227, 
219. 

Oleate, palladious, 253. 

Oleate, potassium, 253. 
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Oleate, propyl, 90. 

Oleate, sodium, 5, 263, 314. 

01e8ne bodies, hydrogenation of, 247. 

Olefines, 270, 423, 424. 

Oleic acid, 12, 27,29, 50,62, 79,128,147, 
184, 215, 239, 242, 244, 248, 250, 275, 
280, 289, 297, 301, 314, 3?5, 326, 340, 
398, 439, 609, 617, 622, 623, 655. 

Oleic acid and aniline, 91. 

Oleic acid and hydrogen, combination of, 
439. 

Oleic acid, attempts to hydrogenate, 1. 

Oleic acid, chemically pure, 218. 

Oleic acid equilibrium, 223. 

Oleic acid, hardening of, 80. 

Oleic acid, hydrogenating in presence of 
alkali, 79. 

Oleic acid, Merck, 214. 

Oleic acid, reduction by means of hy- 
driodic acid, 2. 

Oleic acid, sulphonation of, 5. 

Oleic acid vapor, 26. 

Oleic amides, 84. 

Olein, 97, 337, 345, 373, 398, 440, 652, 
653, 654, 693, 694, 701, 706. 

Olein soap, 377. 

Oleodipalmitin, 337. 

Oleo-distearine, 322. 

Oleomargarine; sec also Margarine. 

Oleomargarine compositions, use of 
hardened oil in, 333. 

Oleomargarine, hardened fish oil in, 339. 

Oleomargarine, utility of hydrogenated 
oils in, 356. 

Oleo-oil, 355. 

Oleo stearinc, 323, 341, 646, 647, 677. 

■ Oleo-stearine compound, 321. 

Oleo-stearine, cost of, 319. 

Oleo-stearine, substitute for, 368. 

Oleostearopalmitin, 323. 

Oleo stock, 354. 

Olinit, 403. 

Olive oil, 89, 96, 153, 167, 200, 203, 205, 
244, 253, 264, 287, 310, 315, 350, 410, 
439, 607, 609,, 656, 656, 659, 660, 
692. 

Olive oil, hydrogenated, 242. 

Olive oil siAistitute, 308. 

Ore, ^thic iron, 454. 

Ores, niifel, 232, 240. 


Ores of manganese in place of iron ore, 
495. 

Ores, sulphide, 511. 

Organic compounds, catalytic hydrogen¬ 
ation of, 187. 

Organic compounds of metals, 130. 
Organic mqtal salts as catalyzer, 47. 
Organic salts of metals, 188. 

Organic nickel salts, 125. 

Organic salts, nickel oxide from, 138. 
Organic salts of nickel, 122,138,191,200. 
Organo-metallic,compound of nickel, 232. 
Organo-metallic compounds, 231. 
Organosol as catalyst, 167. 

Organosol, osmium, 261. 

Organosol, palladium, 2,54. 

Organosols in hydrogenating, 257. 
Organosols of pallaclious hydroxide, 253. 
Organosols of palladium, 253. 

Organosols of palladium oleate, 253. 
Organosols of platinous hydroxide, 253. 
Organosols of platinum, 253. 

Osann, 273. 

Oscillatory discharge, 435. 

Osmate, 261. 

Osmate, alkali, 2.54, 2,59. 

Osmate, sodium, 262. 

Osmium, 2.54, 258, 261, 275, 600. 
Osmium black, 250. 

Osmium, colloidal, 261. 

Osmium, colloidal hydroxides of, 258. 
Osmium dioxide, 249, 262. 

Osmium organosol, 261. 

Osmium tetraoxide, 125, 249, 268, 261. 
Osmium zeolite, 261. 

Ostromisslenski, 424. 

Oswald, 159. 

Overhardening, 219. 

Overheating of oil, 372. 

Oxalate, 48. 

Oxalate cobalt, 426. 

Oxalate chromium, 426. 

Oxalate, ferrous, 151. 

Oxalate, iron, 426, 602. 

Oxalate, nickel, 148, 153, 426, 194. 
Oxide, nitric, 251. 

Oxalate, platinous, 243. 

Oxalate, platinum, 249. 
Oxhydrogenators, 569. 

Oxidation of ammonia, catalyzer for, 266. 
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Oxide, •IvimiBum, 119. 

Oxide and organic salt eatalysen, 125 
Oxide, arsenic, 194. 

Oxide, carbonic, 230, 234, 237. 

Oxide catalyzer, 19, 133. 

Oxide, cerium, 119. 

Oxide, cobalt, 88, 112, 146,109, 262, 
Oxide, copper, 116, 135, 146. 

Oxide, green nickel, 98. 

Oxide, iron, 199. 

Oxide lanthanum, 119. 

Oxide, lead, 102. • 

Oxide, magnesium, 110, 254, 

Oxide, nickel, 19, 39, 40, 52, 54, 74, 88, 
108, 111, 116, 118, 120, 123, 135, 146, 
147, 164, 186, 189, 199, 202, 208, 204, 
206, 207, 209, 213, 217, 218, 223, 262, 
271, 325. 

Oxide of cerium catalyzer, 21. 

Oxide of iron catalyzer, 21. 

Oxide of manganese catalyzer, 21. 

Oxide, osmium, 125. 

O.dde, silver, 54, 119. 

Oxide, thorium, 264. 

Oxide, tin, 262. 

Oxide, titanium, 119, 348. 

Oxide, zinc, 262, 515. 

Oxide, zirconium, 119, 251. 

Oxide.s, metallic, 107, 199, 208. 

Oxides, nitrogen, 610. 

Oxides of pyrophoric nickel, 115. 
Oxidizablc components of fats, 350. 
Oxidizing catalyst, 259. 

Oxy-acetylene welding, 584. 
Oxychloride, carbon, 230. 

Oxygen, 274, 610. 

< .‘xygen, • livation of catalyzer by, 260. 
Oxygen, addition to fatty oil, 282. 
Oxygen, as catalyzer poison, 250. 
Oxygen by arc decomposition, 558. 
Oxygen by electrolysis of water, 536. 
Oxygen containing hydrogen, 601. 
Oxygen, effect ml platinum, 264. 
Oxy-fatty acids, 6^. 

Oxygen in hydrogen, 696. 

Oxygen, manufacture of, 536. 

Oxygen, removal of, 597, 600. 

Oxygen, sale of, 595. 

Oxygen, standards, 6(£. 

Oxyhydrates, nickel, 220. 


Oxystearic acid, 79, 4W. 

Oyobigawa, 532. 

Ozone, 273. 

Ozonized oils, 282. 

Paal, 8,100,242,246,248,249,260,252, 
255, 264, 270, 306, 323, 400, 406,637, 
688, 666, 697, 703. 

Padgett, 6,116, 287, 402, 423. 

Paint, flatting, 409. 

Palladinized calcium carbonate, 316. 
Palladioug chloride, 247, 252, 253. 
Palladious hydroxide, organosols of, 253. 
Palladium, 8, 17, 29, 39, 54, 55, 57, 62, 
63, 67, 68, 69, 96, 108, 133, 137, 147, 
166, 167, 173, 178, 179, 187, 250, 262, 
265, 268, 275, 289, 390, 404, 406, 415, 
428, 433, 449, 531, 600. 
Palladium-ammonium chloride, 283. 
Palladium, amorphous, 272. 

Palladium black, 5, 11, 41, 222, 242, 251, 
276. 

Palladium catalyzer, 14, 100, 242, 315. 
Palladium-charcoal catalyzer, 309. 
Palladium chloride, 55, 63, 79, 100, 140, 
221, 242, 246, 256, 270. 

Palladium coke catalyzer, 62. 

Palladium, colloidal, 255, 306) 859. 
Palladium, cost of, 255, 2,58. 

Palladium, crystalline, 272. 

Palladium, effect of potassium cyanide, 
161. 

Palladium-gold, 277. 

Palladium hydride, 269. 

Palladium hydrosol, 264. 

Palladium hydroxide, 262. 

Palladium, loss of, 256. 

Palladium olcate, organosols of, 253. 
Palladium on metal-oxides, 14. 

Palladium organosols, 253. 

Palladium, pressure of hydrogen on, 277. 
Palladium protochloride, 242. 

Palladium, pyrophoric, 268. 
Palladium-silver, 277. 

Palladium sol, 279. 

Palladium aolutions,*221. 

Palladium ^onge, 277. 

Palladium, spongy, 268. 

Palladium supported on various bodies, 
248. 
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Palladium wire, 67. 

Palladous chloride, 255. 

Palma Rosa oil, 37R. 

Palmitate, nickel, 120. 

Palmitic acid, 3, S3, 298, 299, 300, 314, 
320, 345, 378, 379, 6.55. 

Palmitin, 377, 439. 

Palmitodistearino, 318. 

Palm kernel oil, 294, 309, 328, 331, 36.5, 
368, 374, 378, 385, 388, 393, 409. 

Palm nut oil, 88. 

Palm oil, 44, 282, 336, 359, 361, 386,409, 
Paper, rosin for, 403. 

Paraffin, 59, 220, 423. 

Paraffin hydrocarbons, 250. 

Paraffin oil, 430. 

Paraffin wax, 12, 148, 198, 222. 
Paranitraniline, 80. 

Parker, 33. 

Partial hydrogenation, 90, 317, 346. 
Partial reduction of nickel oxide or hy¬ 
drate, 210. 

Partial saturation of glyccride.s, 322. 
Partially hydrogenated oils, 308. 
Partially hydrogenized oil, 634. 

Passive palladium, 208. 

Passivity of metals, 276. 

Passivity of nickel as a catalyzer, 116. 
Passmore, 300, 613, 624, 029. 

Patent leather, 406. 

Patent litigation, 605, 630. 

Payet, 148. 

Peanut oil, 89, 96, 140, 2.50, 259, 282, 
280, 290, 291, 294, 304, 305, 310, 324, 
325, 347, 353, 355, 361, 369, 388, 393, 
396, 409, 692. 

Peanut oil, edible, 339. 
Peanut-margarine, 294. 

Peanut-oleo, 294. 

Pekelharing, 339. 

Pellischek, 294. 

Pennie, 630, 649. 

Pentajlecane, 436. 

Pentainethylene hydrocarbons, 257. 
Pentane, 116. 

Peptonizing milk, 356. 

Percentage of catalyzer, 99, 102. 
Percentage of cotton oil, 320. 

Percentage of nickel, 17. 

Perchlorate, potassium, 273. 


Perfume composition for soaps, 377. 
Perfume, soap, 364, 376. 

Perhydride, nickel, 270, 271. 

Perkin, 233. 

Perl, 251. 

Permutit, 173, 261. 

Peroxides, 422. 

Persulphates, >422. 

Peters, 8, 161. 

Petersen, 5, 275. 

Petroleum, 20, .530, 611. 

Petroleum, absorption of hydrogen, 430. 
Petroleum as a sol'.ent, 96. 

Petroleum, carbonyl in, 233. 

Petroleum, catalyzer for, 151. 

Petroleum, cracking of, 420. 

Petroleum, desulphurization, 11. 
Petroleum distillates, 257. 

Petroleum ether, 67. 

Petroleum, for making hydrogen, 484. 
Petroleum hydrogenation, 1.54. 
Petroleum, hydrogenation of, 418. 
Petroleum oil for reduction, 198. 
Petroleum oil subjected to electric arc^ 
430. 

Pfeilring, 29. 

Pfeilring reagent, 388. 

Pharmaceutical fats, 411. 

Phenanthrene, 220. 

Phenol, 86, 113, 116, 1.53., 

Phenomena of catalytic poisons, 166. 
Phenyl propiolate, 187. 

Phenylpropionic acid, 86. 

Philipow, 6. 

Philipp, 519. 

Phillips, 20. 

Phoronc, 270. 

Phosphate, 152, 162, 190, 525. 
Phosphate, lithium, 155. 

Phosphate, sodium, 343. 

Phosphide of hydrogen, 14. 

Phosphites, 174. 

Phospholybdic acid, 214. 
Phosphomolybdic acid, 184, 200. 
Phosphoretted hydrogen, 231, 610. 
'^Phosphorus, 254, 443, 454, 455, 696, 610. 
Phosphorus hydride, 598. 

Phosphorus, red, 164. 

Phosphotungstic acid, 214. 

Phthalio anhydride, 264. , 
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Physetolcic acid, 291, 380. 
Physiological action of hardened oil, 324, 
339. 

Phytostcrol, 283, 284, 289, 291, 294, 308, 
310, 311. 

Phytosterol acetate, 309, 325. 

Pickard, 356. 

Pickering, 303. 

Picker trough, 320. 

Picrate, sodium, 250. 

Piclot, 72, 471. 

Pictet oil process, 478. 

Pier, 601. * 

Picrrou, 107. 

Pilat, 21. 

Pinene, 2S0. 

Pintscli, 510, 

Piperine, 270. 

Piperiuicr acid, 270. 

Pilch, 431. 

Piva, 446. 

Plain's, limited, 420. 

Plaster of Paris, 4.50. 

Plasters, 410. 

Platiiuc chloride, 252. 

Plalinochloride, copper, 243. 
Platiooehloridis-hydrochloric acid, 253. 
i'latmous hydroxide, 221. 

Platiiious hydroxide, organosols of, 253. 
Platinous oxalate, 243. 

Platinum, 34, 39, ,54, .55, 58, 90,112,130, 
1.58, 100 107, 178, 230, 248, 250, 259, 
262, 270, 27.5, 277, 280, 289, 297, 337, 
402, 422, 427, 433, 443, 513, 529, 531, 
605, 009, 611, 618, 621, 028. 

Pla’mum-alumina, 262. 

Phil mum aod carbon catalyst, 259. 
Platinum anode, 280. 

Platinum black, 89, 242, 246, 264, 269, 
283, 619. 

Platinum black charcoal catalyzer, 259. 
Platinum catalyzer, 249, 283. 

Platinum chloride, 147, 242, 260, 264. 
Platinum, colloidal, 33, 245, 600. 
Platinum-copper, 260. 

Platinum, effect of oxygen on, 264. 
Platinum electrode, 5, 274, 562, 
Platinum, electrolytic, 257. 

Platinum gauze, 449. 

Platinum hydrochloride, 242. 


Platinum hydrosols, 249. 

Platinum hydroxide, 2.57. 

Platinum melals, 243. 

Platinum melals, hydrogen transfer, 269. 
Platinum netting, .58. 

I’latinum on charcoal, catalyzer, 259. 
Plaiiniim organosols, 2.53. 

'Platinum, o.xygenatcd, 264. 

Platinum prolochloride, 242. 

Platinum .salts available os catalyzers, 
249. 

Plalinutn sponge, 10, 619. 

Platinum sulphate, 242. 

Platinum tetrachloride, 2,56. 

Platitium zeohte, 261. 

Pleiss, ,563. 

Plumbite, 425. 

Pohlman, 13.5. 

Poison, catalyzer, 14, 109, 112, 113, 118, 
1.53, 155, 160, 164, 106, 189, 198, 208, 
223, 243, 217, 2-50, 2.54, 2.55, 264, 270, 
419, 420, 412, 443, 4.53, 4.54, 485, 525, 
.596, 610, 615, 618, 620. 

Poisoti, nickel, 109, 

Poison, removing from oil, 161. 

Poison squad.s, 326, 3t>l. 

Poisoned nickel, 270. 

Poisoning by carbon monoxide, 167. 
Poisoning by nickel, 347. 

Polarity reversal, ,585. 

Polarity reversal, prevention of, 603. 
Polenske method, .308. 

Polenske vidue, 309. 

Polishing compound, 411. 

Polymerization, 285, 

Polymerization of unsalurateil oils by 
action of ultraviolet light, 397. 
Polymerized drying oils, 87. 
Polymerized hydrocarbon, 422. 
Polymerized oil, 164. 

Polymerizing and hydrogenating oil, 396. 
Pomilio, 279. 

Pompili, .546. 

Pontianak, 96. 

^ Pontianak resin, 405. , 

Poppy oil, 310. 

Porcelain, 251, 256. 

Porcelain, unglazed, 467. 

Forges, 421. 

Portable hydrogen plants, 596. 
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Porter, 251. 

Posen, 513. 

Potassium aluminate, 154. 

PotasBtom bromatc, 274. 

Potassium carbonate electrolyte, 541, 
560. 

Potassium chlorate, 273. ^ 

Potassium chbroplatinate, 243. 
Potassium cyanide, 161, 165, 273. 
PotassiiMn nickel cyanide, 208. 

Potassium nitrate, 274. 

Potassium oleate, 252, 253. 

Potassium silicate, 256. 

Potassium silicofluoride, 156. 

Potassium thiocarbonate, 296. 

Poulenc Frferes, 357. 

Poulsen arc, 246. 

Powder, hydrogenated oil as a, 342. 
Powder, nickel, 330. 

Powder, silver, 267. 

Powder, soap, 368. 

Powdered hydrogenated oil, 411. 
Practice, hydrogenation, 412. 

Prall, 288, 324. 

Prall's modified test for nickel, 305. 
Pratis, 516. 

Precautions in handling hydrogen, 590. 
Precipitated gold, 267. 

Precipitation of carbon, method of pre¬ 
venting, 493. 

Preh^ted hydrogen, 40. 

Preparation of cataly.sts, methods of, 
•153. 

Preparation of nickel carbonyl, 229. 
Prescher, 308. 

Preservation of nickel carbonyl, 232. 
Pressing edible fats, 334. 

Pressure apparatus, 600. 

Pressure diminishing olefines, 423. 
Pressure, effects of, 85, 89, 97, 101, 168, 
209, 424. 

Pressure, effect on reduction, 170. 
Pressure on carbonyl, 237. 

Pressure tank for hydrogen, 594. 
Preston, 430. 

Prevention of hydrogen explosions, 591. 
Process, hardening, 610. 

Process of Sabatier and Senderens, 5. 
Processes involving application of elec- 


Procter, 634. 

Proctor & Gamble, fast egcperimental 
plant, 672. 

Proctor & Gamble Co., 16, 56, 350. 
Proctor & Gamble Co. as. Uerlin Mills 
Co., 630. 

Producer gas, 446, 449, 485. 

Production of neutral hydrogenated fats, 
32. 

Products of combustion of internal com¬ 
bustion engines, 480. 

Products of hydrcjnenation, 105. 
Promoter, 152, 168, 190, 223, 254, 455 
Propane, 438. 

Properties and uses of various hardened 
oils, 352. 

Properties of nickel carbonyl, 230. 
Properties of soaps made with hardened 
oils, 30. 

Propiolatc, 187. 

Propionates, 48. 

Propionic acid, 280. 

Proportions of hardened oil in soaps, 369. 
Propylene, 260. 

Propyloleate, 90. 

Protablinatc, sodium, 258. 

Protalbinic acid, 2.55. 

Protalbinic acid, sorUum salts of, 245. 
Protective action of enlloids, 2.57. 
Protective colloid, 244, 255, 257. 

Protein, 118. 

Protoalbinate, sodium, 207. 
Protochloride, palladium, 242. 
Protochloride, platinum, 242. 
Protohydroxide, platinum, 242. 
Protoxide of nickel, 114. 

Pullman, 450. 

Pulverization of hardened oil, 343. 
Pumice, 50, 69, 75, 80,109,110,149,168, 
171, 174, 176, 190, 192, 197, 254, 260, 
434, 453, 486, 501, 502, 607. 

Pumice, nickelized, 13. 

Pumice, platinized, 437. 

Pumping hot hydrogen gas, 26. 

, Pungs, 200, 201, 203, 204, 205, 206. 
Purger, 563. 

Purification method of Bosch & Wild, 
598. 

Purification of gas, 595. 

Piirificatinn of hvdroiren. 488. 595. 
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Purification of oils by copper hydrate, 
162. 

Purifier for separating dust and sulphur 
compounds, 599. 

Purifying hydrogenated fats, 3.50. 
Pyridine, 84. 

Pyrite cinder in manufacture of hydro¬ 
gen, 510. • 

Pyrites, 511. 

Pyrophoric bodies, Oi l. 

Pyrophoric catalyst, protection of, 159. 
Pyrophoric catalyzer, 1,59, 169, 171, 27i. 
Pyrophoric iron, .592,'015. 

Pyrophoric metal, 624. 

Pyrophoric nickel, 72, 110, 114,115,132, 
422, 437, 013, 015, 020. 

Pyrophoric palladium, 208. 

Pyrrole, 204. 

Qualitative test of conductivity, 202. 
(iuanl.itative analysis of iiseil catalyst, 
219. 

(iuantitativc determination of nickel, 
328. 

Quartzite, 251. 

Quentin & Guillicii method, .532. 

Quill,'ke, 229, 233. 

Qui.une, 210. 

Quinine hydrochloride, 187. 

Kabenalt, .596. 

Hack, 181, 184. 

Rakitin, o. 

Ramage, 008, 612. 

Rancid oils, 43. 

Ra.ucid-tending oxidized products, 351. 
Iciiige of I mperature, 39. 

Ihipeoil, 39, 181, 223, 225, 285, 280, 301, 
309, 313, 315, 396, 009. 

Rape oil, hardening of, 225. 

Rape oil in olive oil, determination of, 
31.5. 

Rare metals a.s eatnlyzers, 242. 

Rate of absorption of hydrogen, 71. 
Rather, 58. 

Rating, tariff, 382. 

Rats, experiments with, .339. 

Rays, chemically active, 35, 36, 41. 
Rays, solar, 501. 

Reaction, carbonyl, 204. 


Reaction of steam with iron, 48S. 
Reaction of Tortelli & Jaffe, 301. 

Reagent, Tschugaeff, 827. 

Recipes for soap stock, 366. 

Recovering catalytic material, 43. 
Recovering spent catalyzer, 188. 

Recovery of catalytic material, 132. 
Rccovery^f catalyzer, 62, 170, 171. 
Recovery of flaky catalyzer, 141. 
Recovery of spent catalyzer, 179. 
Redfcrovo, 105, .534. 

Red phosplrorus, 164. 

Reduced cobalt, 267. 

Reduced copper, 267. 

Reduced iron, 100, 267. 

Reduced nickel, 207. 

Reducer, 413. 

Reducing catalyzer, 156. 

Reducing chamber, 145. 

Reducing gases, 210. 

Reduction apparatus, Kayser’s, 158. 
Reduction by metal hydrides, 275. 
Reduction, catalyzer, (ill. 

Reduction, coefficient of, 120. 

Reduction, electrolytic, 88, 279. 
Reduction in oil, 139, 140. 

Reduction of catalyzer, 113, 139. 
Reduction of catalyzer in various sus- 
jicnsory bodies, 222. 

Reduction of nickel compounds, appa¬ 
ratus tor, 134. 

Reduction of nickel oxide, 126. 
Reduction of nickel oxide by aldehydes, 
205. 

Reduction of nickel oxide with hydrogen, 

210 . 

Reduction of unsaturated acids, 275. 
Reduction temperature, 027. 

Refining by alkali, 162. 

Refining chrysalis oil, 311. 

Refining hydrogenated tats to produce 
edible products, 351. 

Reformatoky, 8. , 

Refraction, index of, 281, 282, 287, 292. 
Regeneration of a spent nickel silicate 
catalyzer, 179. * 

Regeneration of catalyzer, 428. 
Regeneration of nickel catalysts, 171. 
Regeneration of spent catalyzer, 241. 
Reichert-Meissl number, 101, 295. 
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Beichert-Meissl value, 309. 

Reid, 58, 76. 

Remedial food, oil as, 330. 

Removal of moisture, 140. 

Removal of sulphur from petroleum, 11. 
Removing catalyzer poisons, 161. 
Removing nickel, 94. 

Rennrd, 423, .596. 

Ren."rd’s apparatus, .539. 

Renovated butter, 329. 

Reoxidizing catalyzer, 142. 

Replacement of carbon monoxide by 
hydrogen, 444. 

Resin, 96. 

Resin, guayule, 40,5. 

Resin, pontianak, 405. 

Resistance, electric, 216. 

Resistance of nickel oxide, 203. 

Retorts, cast iron, 513. 

Reiiler Process tk>., 409. 

Reversal of polarity, .585, 603. 

Review of the art, 1. 

Revivification of e.atalyzer, 105. 
Revivifying metallic, catalysts, 188. 
Reyehler, 2, t'.()8, 612. 

Reynolds, 109. 

Rhead, 274. 

Rheinheimer, 304. 

Rhodes, 424. 

Rhodium, 2,50, 201, 275, 419, 449. 
Rhojizonic acid, salts of, 231. 

Ribot, 374. 

Rice, 602. 

Richards, ,536, 514. 

Richardson, 174. 195, 6.50, 687. 

Richter, 21, 96, 166, 317, .526, 640, 663, 
689. 

Ricinolcic acid, 391, 280, 440, 609. 
Ricinolic acid, 313, 439. 

■Ridsdale, 95, .509. 

Riedel, 323. 

Rinati, 62. 

Rincker, 438, 473. 

Rincker & Wolter, .595. 

Rincker & Wolter system, 473 
Rincker-Wolter portable hydrage appa¬ 
ratus, 483. 

Rincker-Wolter process, modified, 483 
Rittmgn, 424, 437. 

Rivals, 104. 


Robson, 81,106, 208. 

Rods of nickel, 21. 

Roentgen rays, 61, 269. 

Rogers, 405. 

Rolla, 170. 

Rosaucr, 3. 

Rose, 479. 

Rosemary oK, 377. 

Rosin, 96, 297, 364, 371, 378, 385, 387, 
388, 393, 403. 

Rosin soap, 393. 

Rostin, 434. 

Rotary electrolyz'er of Aigner, 558. 
Rotary retort, 4,58. 

Roth, 6, 286, 309, 637, 658, 665, 697, 
703. 

Rowlands, 588. 

Ruggeri, 312. 

Ruthenate, alkali, 254. 

Ruthenium, 2.50, 254, 261, 275. 
Ruthenium chloride, 258. 

Ruthenium, colloidal hydroxides of, 2,58. 
Ruthenium, tetroxide, 258. 

Sabatier, 5, 11, 13, 29, .52, ,58, 85, 112, 
113, 114, 126, 127, 132, 160, 175, 209, 
212, 220, 221, 2,56, 270, 271, 275, 405, 
427, 606, 611, 013, 615, 620, 6.57, 702. 
Sabatier hydrogen process, 529. 
Sabatier’s method, 213. , 

Sachs, 7, 439, 595. 

Sadtler, 411. 

Safety devices, 590. 

Safrol, 86. 

Salad oil, 3.54. 

Salad oil, peanut oil as, 308. 

Salad oil, soya bean as, 3.53. 
Salammoniac turpentine soap, 384. 

Sale of hydrogenated oil, 635. 

Salmon oil, 411. 

Salt, 513. 

Salted soap, yield of, 365. 

Sandarac, 96. 

Sandelin, 303. 

Sander, 446, 534 
Sanders, 476. 

Saponification, 351, 375, 395. 
Saponification number, 282, 292, 381. 
Saponification of hydrogenated fats, 369. 
Saponification, products of, 379. 
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Saponification value, 101, 304, 309, 310, 
314, 379. 

Saponifying for fatty acids, 378. 
SaiKinin, 3H9. 

SafKinin powder, 389. 

Sardine oil, 105, 353, 392, 411. . 
Sardine oil, Ja})anese, 285. 

Sassafras oil, 377. • 

Satnraled hydroxy fatty acids, 39. 
Saubermaiin, 502. 

Sauer. 417. 

Sawdust, 109, 208. • 

Sayre, 350, 410. • 

SaytzeiT, 5. 

Sciiaal, 303, 366, 374, 370, 398. 

Schaefer producer, 506. 

Schall, 365. 

Scherieblc, 44. 

Schering, 421. 

Schicht, 89, 105, 361. 

Sclucht, A. G. and Grun, 89, 106. 
Schick, 184, 251, 258. 

S'jhiller, 11. 

Schilling, 308. 

Schlinck & Co., 21. 

Schmidt, 3, 107, 276. 

S(4iiiiidt eU’clrolyzer, 575. 

Sc'uiiidt nmlliple cidl, 541. 

Schmitz, 402. 

Schneider, 155, 190, 256, 2(K), 456, 479. 
Schocnfeld, l79, 181, 183, 184, 305. 
Scholl, 532. 

Schoiitii.in, 29. 

Schoop, 591. 

Schoop sysli'in, 543. 

Sthrapinscr, 4(K). 

I'ichraut' 88, 400, 409. 

Schrocdcr, 121. 

.Schuck, 373, 393. 

Schuckert pkint, 557. 

Schiickcrt system, 551. 

Scliut, 339. 

Schwarcmaii, 95, 171. 

Schwareman’s method, 262. 

Schwartz, 520. 

Schweitzer, 80, 349. 

Schwerin, 262. 

Schwoerer, 12, 682. 

Scientific American, 426 
Seal oU, 292, 330, 353, 411. 


Sears, 702. 

Scbille, 589. 

Secondary reactions, exclusion of, 218. 
Sectional type electrolyzer, 575, 577. 
Seeker, 112, .534. 

Se'denberg, 297. 

Seifenseider Zeitung, 249. 

Selcctiv* hydrogenation, 25, 97. 
Sclcnates, 152. 

Selenite, ammonium, 155. 

Setenite-s, 1.52. 

Selenium, 254. 

Selenium (iompounds, 113. 

Semi-boiled soajrs, 369. 

Semi-carbazono, 270. 

Semi-reduced hydrogenation catalyzer, 
209. 

Semi-solid fat, 632. 

Senderens, 5, 7, 11, 13, 58, 85, 112, 113, 
114, 209, 212, 220, 275, 405, 606, Oil, 
6,57, 702. 

Separation of nickel from cobalt, 235. 
Sesame margarine, 294. 

Scsiime oil, 155, 200, 204, 200, 209, 210, 
223, 225, 282, 285, 290, 291, 294, 304, 
305, 309, 310, 324, 325, 339, 347, 349, 
637, 060, 692. 

Sesame-oleo, 294. 

Sescpiioxide, precipitated, 262. 

Shale, hydrogen from, 473. 

Shale oil, 430. 

Shark liver oil, 391. 

Shark oil, 411. 

Shaving soap, cold process, 368. 

Shaving soaps, hardened oil in, 376. 
Shaw, 26, 106, 588. 

Shellac, 90. 

Shipment of catalytic material, 160. 
Shortening agent, 340, 357. 

Shortening agent, vegetolc as a, 357. 
Shortening and leavening composition of 
hydrogenated oil, 343. 

Shortening composition, modification of, 
342. 

Shortening effect of hard fat, 341. 
Shortening for cooking, 354. 

Shortening materials, 646. 

Shortening values, 691. 

Shriver apparatus, 575. 

Shriver filter press, 417. 
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Shriver oxy-hydrogen generator. 641, 
542. 

Schuck, 87. 

Shukoff, 20, 41. 

ShukoSf’s nickel carbonyl procees, 207. 
“Sical,” 419. 

Siedler, 261, 457. 

Siegmund, 105, 211, 223, 226, 227. 
Siemens, .5.50, 600. 

Siemens Bros. & Co., 547. 

Siemens & Obach cell, .547. ' 

Siemens & Schuckert Co., 523. 

Sieverts, 265, 276, 277. 

Silent electric discharge, 33, 73. 

Silex, 417. 

Silica, 133, 167, 173, 175, 178, 254, 454, 
455. 

Silica, non-abrasive, 179. 

Silicate, alkaline, 1.50. 

Silicate, aluminum and magnesium, 187. 
Silicate, nickel, 160, 177, 185. 

Silicate of soda, 169. 

Silicate, potassium, 256. 

Silicate, sodium, 530. 

Silicate.s, 168. 

Silicic acid, 174, 189, 202. 

Silicidc, aluminum, .520. 

Silicidcs for generation of hydrogen, 519. 
Silicious material, 149. 

Silicofluoride, 156. 

Silicol, 533. 

Silicol process, 523. 

Silicon, 178, .522, ,530. 

Silicon and caustic soda, reaction be¬ 
tween, 523. 

Silicon hydrate, 192. 

Silicon hydridt^, removal of, 598. 

Silicon hydrogen process, 523. 

Silicon monoxide, 149. 

Silicon tetrafluoride, 175. 

Siticospiegel, .524. 

Silk, 56. 

Silver, 54, ,55, 246, 265, 276, 422, 428. 
Silver bromide, 273. 

Silver chloride, 273. 

Silver iodide, 273. ' 

Silver-iron couple, 459. 

Silver netting, 58. 

Silver nitrate, 147, 169. 

SUver oxide, 54, 66, 119,162. 


Silver-palladium, 277. 

Silver powder, 267. 

Silver sol, 262. 

Silver wire, 267. 

Simplex Refining Co., 434. 

Siveke, 7, 123, 135, 207, 212, 351, 372. 
Size of apparatus in hardening, 100. 
Sjoquist, 105. • 

Skita, 242, 244, 245, 250, 255, 256, 260, 
270, 400. 

Sludge acid, 83. 

Sfcidge, nickel, 142. 

Sludges, waste liqufir, 531. 

Sluggishness of catalyzers, 24. 

Smoking point, 692. 

Smoking point of hydrogenated fats, 338. 
Smith, 278. 

Snclling, 191, 192, 419. 

Snelling diffusion process, 531. 

Snclling hydrogen method, 484. 

Soap, 30, 88, 129, 2.52, 090, 033. 

Soap base for toilet soaps, 309. 

Soap, color of, 381. 

Soap, chrysalis oil in, 311. 

Soaj), darkening of, 372. 

Soap, demand for, 352. 

Soap, Eschweger, 374. 

Soap filling, 375. 

Soap, fish oils in manufacture of, 3.53. 
Soap formula, 367. 

Soap from fatty acids, 408, 409. 

Soap from hardened linseed oil and rosin, 
387. 

Soap Gazette .and Perfumer, 119. 

Soap in electrolyte, 552. 

Soap, iron, 129. 

Soap making, fish oil in, 300. 
Soap-making materials, 3.58. 
Soap-making purpo.scs, whale oil for, 330. 
Soap making, revolution in, 612. 

Soap making, utilization of hydrogen¬ 
ated oils in, 358. 

Soap, metal, 129, 195. 

Soap, nickel, 94, 120, 122, 129, 139, 195, 
227, 324, 325, 372, 637, 656. 

Soap perfumes, 364, 376. 

Soap powder, 368. 

Soap, rosin in, 403. 

Soap stock, 690. 

Soap stock containing krutolin, 383. 
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Soap stock, recip« for, 366. 

Soap, wax, 129. 

So^) with pdymeriied oil, 387. 
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Soda-lime, 446, 478, 520. • 

Sodium, 425. 

Sodium aluminatc, 176. 

Sodium aluminute-silicatc, 173. 

Sodium aluminum silicate, 256. 

Sodium aluminum silicidc, 519. 

Sodium amalgam, 208, 273. 

Sodium bicarbonate, .520. 

Sodium bisulphate, 517. 

Sodium carbonate, 128. 

Sodium chlorate, 273. 

S (dn in chloride, 164, 166, 223, 513, 
528. 

Sodium cinnarnatc, 187. 

.Sodium for making hydrogen, 519. 
Sodium liydrosulphite, 273, 

S' dium hypophosphite, 137. 

Sodium lyaalbinate, 207, 2.58. 

Sodium nitrate, 166. 

Sodium nitroprusside, 318. 

Sodium olcatc, 5, 314. 

Sodium iicrinulitc, 261. 

Sodium phenyl propiolate, 187. 

Sodium phos|)hate, 343. 

Sodium picrate, 250. 

Sodl'un pro' .Vuinatc, 207, 258. 

Sodium silicate, 169, 177, 179, 530. 
Sodium silicoHuoride, 156. 

Sodium sulphate, 140, 163, 166, 189. 
Sodium sulphide, 166, 189. 

Soft soap, 384. 

Solar rays, 501. 

Sole leather, 407. 

Solidiheation point, 210, 214, 215, 225, 
295, 298, 304, 665. 

Solidifying point, 292. 

Solomonoff, 83. 

Soltsien test, 309. 

Soluble oil, 280, 401. 


Solubility of gaaes in copper, 278. 
Solubility of hydrogen and nitrogen in 
iron, 279. 

Solubility of hydrogen in metals, 266. 
Solubility of soaps, 371. 

Solvents, 96, 404. 

Solvents, hydrogenation in, 280. 
Solvents, l^drogcnating with, 67. 
Solvents, use of, 310. 

“Sonition," 272, 274. 

Soxhfet extraction thimble, 214. 

Soya bean oil, 88, 92, 105, 1.55, 181, 210, 
282, 308, 352, 353, 361, 409, 411. 

Soya bean oil, hydrogenated, 333. 
Spathic iron ore, 454. 

Spathic iron ore, use of, 499. 

Specific gravity, 281, 292, 295. 

Speed of reaction, 226. 

Speiss, nickel, 232. 

Spent catalyzer, 219, 227. 

Spent catalyzer, treatment of, 170, 171 
Spieler, 192. 

Spinacene, hydrogenation of, 313. 
Spitzer generator, ,505. 

Splitting fata, 398. 

Splitting of hydrogenated fish oil, 378. 
Sponge, .56. 

Spongy iron, 502, .505. 

Spongy iron, employment of, 492. 
Spongy nickel, 237. 

Spongy palladium, 268. 

Spongy platinum, 10. 

SiHingy Swedish iron, 500. 

Spray and 61m prooeas, 15. 

Spray or 61ms of oil, 12. 

Spraying of oil, 16. 

Spraying process, 125, 663, 693. 
Sprinkmeyer, 309. 

Spueing, 405. 

Squalcne, 313, 391. 

Stability of lard compound, 322. 
Stabilizer, color, 336. 

Stahl, 278. 

Stahlschmidt, 274. 

Standard Oil Co., 432. 

• Starch, 122, 200, 452.* 

Stark, 249. 

Stariels, 408. 

Stationary catalyzer, 22. 

Stationary hydrogen plants, 595. 
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Steam, action on carbon to produce hy¬ 
drogen, S27. 

Steam and aluminum under pressure, 
419. 

Steam distillation of saturated fatty 
acid, 14. 

Steam-iron process, 595 
Steam, on hydrocarbons, 21.* 

Steam through molten metal, hydrogen 
by, 501. 

Steam, use of superheated, .500. * 
Steam vacuum dcodorization, 319. 

Steam with oil during cracking, 429. 
Steaming of fat, 351. 

Stearate, lead, 104. 

Stearate, metallic, 196. 

Stearate, nickel, 120, 183, 227. 

Stearic acid, 12, ,50, 83, 220, 223, 242, 
275, 280, 285, 289, 298, 300, 312, 314, 
325, 326, 340, 345, 360, 378, 379, 398, 
408, 622. 

Stearic acid by chlorination, 2. 

Stearic acid, ethyl ester of, 51. 

Stearic acid in reduction, 198. 

Stearic glyceride, 292. 

Stearic soap, 129. 

Stearine, 292, 326, 346, 354, 355, 399, 
407, 439, 651, 652, 653, 654, 693, 694, 
701, 706. 

Stearine and edible fat industry, hard¬ 
ened oils in, 373. 

Stearine, artificial, 303. 

Stearine candle, 378. 

Stearine from olein, separation of, 373. 
Stearine industry, 373. 

Stearine, low titre of, 380. 

Stearine, percentage, of, in butter substi¬ 
tutes, 346. 

Stearine, removal of excess, 332, 

Stearine soap, 377. 

Stearine substitute, 84. 

Stearine, synthetic, 334. 

Stegl alloys, 529. 

Steel wool, 591. 

Steffan, 29. 

Stereo-chemistry of glycerides, 325. 
Sterol, 291. 

Sterol content of hardened fats, 283. 
Sterol-free bodies, 284. 

Sterol, separation of, 283. 


Stern, 108. 

Stevens, 11, 400. 

Stirring during hydrogenation, 620, 626. 
Stokes Co., F. J., 53. 

Strache, 425. 

Strache hydrogen system, 498. 

Stransky, 421, 425. 

Straub, 324t 
Strontia, 428. 

Strontium, 1.52. 

Strontium nitrate, 155. 

•Strontium sulphate, ,527. 

Stuart, 517. * 

Stuart scrap iron method, 517. 

Stacker, 424. 

Stuckert. 168. 

Stuffing fat, 408. 

Submicrons, 218. 

Suboxidc hydride, 210. 

Suboxide, nickel, 9, 122, 124, 120, 138, 
148, 182, 200, 203, 207, 208, 209, 406. 
Suboxidc, nickel, proof of, 184. 

Suboxide of nickel catalyst, 210. 
Suboxides of metals, 211. 

Substitute, butter, 684. 

Substitute for olive oil, 308 350. 
Substitutes, lard, 701. 

Succinates, 48. 

Suchy, 530. 

Sudfeldt Bros., 30. , 

Sugar, 121, 213, 224, 600. 

Sugar, cane, 200. 

Sugita, 93. 

Suida, 211, 223, 226, 227. 

Sulphate, 162. 

Suliihato, aluminum, 263. 

Sulphate, calcium, 151. 

Sulphate, copper, 273. 

Sulphate, magnesium, 140. 

Sulphate, nickel, 109,131,133, 135,137, 
155, 273, 627. 

Sulphate of iron, 21. 

Sulphate of platinum and palladium, 249. 
Sulphate, platinum, 242. 

Sulphate, sodium, 140, 166, 189. 
Sulphates, presence in catalyzer, 163. 
Sulphide, hydrogen, 15, 163, 165, 166, 
208, 231, 443, 487. 

Sulphide of barium process, 526. 

Sulphide of nickel in soaps, 372. 
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Sulphide sodium, 166, 189. 

Sulphid(>s, treatment with steam, 511. 
Sulpho acids, 79. 

Sulpho-iso^olcic acid, 79. 

Sulphonated oil, 401, 407. 

Sulphonation of oleic acid, 5. 
Sulphonation process, 5. 
Hulpho-oxy.stcaric acid, 79! 

Sulphur, 109, 112, 113, 118, 137, I.IB, 
155, 160, 104, 166, 232, 2.54, 421, 422, 
423, 442, 443, 4.51, 4,54, ,591), 609, 627. 
Suliihur chloride, 164, 422. ' 

Sulphur comi)ound.s, 372, 419, 420. 
Sulphur compounds of platinum, 256. 
Sulphur dioxide, 166. 
iSul|)hur dioxide, removal of, 598. 
Sulphur, effect, on iron, 485. 

Sulphur from Ras, removal of, ,597. 
Sulphur in crackiiiR oils, use of, 433. 
Sulphur in fats and oils, detection of, 318. 
Sulphur in hydroRon, 163. 

Sulphur, removal from iietroleum, 11. 
Sulphur removal, in makiiiR hydrogen, 
505. 

Sulphur, removal of, .597, .598, 599. 
Sulphuretted hydrogen, 609, 618. 
Sulptiiiric acid, 109, 223. 

Sulphuric acid, act ion on zinc, 515. 
Sulphuric, acid and iron, 595. 

Sulphuric aci(J, effect of carbonyl, 231. 
Sulphuric acid electrolyte, 544, 562. 
Sulphuric acid esters, 84. 

Sulphuric acad on oleic acid, 3. 
Sulphurous acid, 487. 

Sulzberger, 160, 176, 178, 179, 263. 
Sm-flower oil, 105, 297, 339, 0.57. 
Suiiflowc; ..il, hardened, 301. 

Sunlight soap factory, 301. 

Superheated steam on hydrocarbons, 21. 
Superhydrogenated edible product, 333. 
Surface condensation, 274. 

Suspended nickel, traces of, 324. 
Suzuki-Shoten Co., 208. 

Svendsen, 314. 

Swartley, 586. 

Swartlcy sejiarators, 583. 

Sweetmeat, 407. 

Swift & Co., 636, 650, 651, 687. 
Synthesis of ammonia, 259. 

Synthetic stcarine, 334. 


Synthetic triolein, 211, 214. 

System of automatic control, 585. 
System of de Kadt, 38. 

Table fats, 649. 

Tailor’s chalk, 411. 

Talc, 411. 

Talgcla, 303. 

Talgelin, 363. 

Talgin, 362. 

Tafgit, 289, 291, 379, 403. 

Talgit, a marine oil, 289 
Talgol, 283, 284, 287, 311, 361, 362, 363, 
304, 399. 

Talgol and candelitc, 374. 

Talgol and cocoanut oil, 366. 

Talgol as a substitute for tallow, 373. 
Talgol in grained soap, 371. 

Talgol in shaving soap, 376. 

Talgol in toilet soaps, 365. 

Talgol soap, 365. 

Tallow, 9, 289, 310, 329, 3.54, 355, 359, 
303, 304, 308, 374, 383, 394, 398, 409, 
439, 661. 

Tallow, artificial, 393. 

Tallow, beet, 309, 325. 

Tallow in lard, method of detecting, 
308. 

Tallow-like product, 656. 

Tallow soaps, 372. 

Tamari, 151. 

Tanks for hydrogen, 594. 

Tanning industry, 358, 405. 

Tantalum, 254, 256, 427. 

Tantalum oxide, 152. 

Tar, 151, 431. 

Tar and mineral oil, treatment of, 438. 
Tar oil, 430. 

Tar oils, carbonyl in, 233. 

Tariff commission, 105. 

Tariff rating on hardened oil, 382. 
Tartaric acid, 122, 200. 

Tartrate, nickel, 194. 

Tartrates, 48. 

Tartrates in electrolyte, 562. 

Taylor, 647. ’ 

Tchugaeff, 294. 

Techno-chemical laboratories, 18, 120^ 
134, 155, 605. 

Teissier, 5M. 
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Tellurium, 254. 

Temperature, effect of, 85, 92, 97, 101, 
168. 

Temperature of hydrogenation, 39, 268, 
619. 

Temperature of reduction, 109, 112, 
114. 

Temperature of treatment of lard com¬ 
pound, 319. 

Temperature, reduction, 627. 
Temperature required for different oils, 
218. 

Tentative standards for oxygen and hy¬ 
drogen, 603. 

Tessie du Motay, 444. 

Test, bromination, 303. 

Test, Halphcn, 104, 317. 

Testelin, 423. 

Testa of catalyzer, 214. 

Teats on silicol or silicon alloys, 530, 
Testrup, 16, 606, 616. 

Tetrachloride, platinum, 2.56. 
Tetrahydronaphthalene, 268. 
Tetrahydrophonanthrene, 267. 

Tetroxide, osmium, 249, 258. 

Tetroxidc, ruthenium, 258. 

Texas solar oil, cracking of, 425. 
Thallium, 265. 

Thallium salts, 527. 

Thermal considerations, 40. 

Thermal decomposition of nickel oleate, 
198. ■ 

Thermolyzing, 176. 

Thesis by Agdc, 218. 

Thickening oils, 61. 

Thickening oils and fats, process for, 44. 
Thiele, 259, 280, 309, 316. 

Thieme, 197. 

Thiocarbonate, potassium, 296. 
Thompson, 269, 326, 339, 352, 354, 360, 
437. 

Thoria, 348, 427. 

Thoriup, 168, 256, 455. 

Thorium nitrate, 455. 

Thorium oxide, 264. 

Thron, 251. * 

Thyme oil, 377. 

Tm, 246, 254, 285. 

Tin chloride, 164. 

Tin oxide, 262, 448. 



Tin-zinc-aluminum alloy, 525. 

Tinkler, 423. 

Tissier, 23. 

Titanates, 178. 

Titanic acid, 262, 427. 

Titanium, 168,256, 455,499. 

Titanium lactate, 154. 

Titanium oxide, 119, 152, 348. 

Titanium purifier, 600, 

Titanous sulphate, 178. 

Titoff, 274. 

mre, 103, 288, 317, 322, 333, 355, 379, 
395,695. • 

Toilet soap, hardened fish oil in, 374. 
Tolhausen, 85. 

Tolinacz & Co., 52. 

Toluene, 258,426, 438. See also Toluol. 
Toluol, 434. See also Toluene. 

Toumsi, 273. 

Tommasini cell, 560. 

Torpedo liver oil, 391. 

Tortelli, 300, 309, 312. 

Toxic unsaturated bodies, 323. 

Toxicity of traces of nickel, 326. 

Trace.s of suspended nickel, 324. 
Triangular charts, 644. 

Train oil, 73, 295, 373, 381. 

Tran, 381. 

Transfer of hydrogen by gas holders, 
76. 

Transference of hydrogen, 271. 
Transparent glycerine soaps, 369, 375. 
Transportation of hydrogen, .533. 
Treatment of oil with metallic catalyzer, 
1.5. 

Tricaproin, 337. 

Tributyrin, 337. 

Trihydroxybenzene, .530. 
Trimethylamine, 84. 

Trinitrophenol salts, 129. 

Triolein, 67, 85, 220, 322, 337. 

Triolein, pure, 214. 

Triolein, synthetic, 211, 218. 

Tripalmitin, 85. 

Triple furnace of Bo.sch, 509. 

Tripler, 460. 

Tristearinc, 85, 291, 318, 337. 

Tristearine, specific gravity of, 281. 
Troost, 270. 

Tsdiugaeff’s reagent, 327. 
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^fii^nDoto, 302, 311, 313, 360,361, 391. 

' ii\ibandt, 216. 

^ Tubular cracking apparatus, 422. 

'Tvflly process, 611. 

Tuna fish oil, 411. 

■ 'Tung oil, 396, 400, 411. 

Titoptate, barium, 155. 

Tungstates, 152. 

Tungsten, 106, 168, 499. 

Tungstic acid, 262. 

• Turbidity test, 297. 

Turkey red oil, 84, 290. 

Turner, 11. 

Turpentine, hydrogen from, 473. 
Turpentine, spirits of, 231. 

Turtle oil, 392. 

Twitchell, 298, 300. 

' Twitchell process, 29, 370, 379, 394, 
408. 

Twitchell reagent, 388. 


Ubbelohde, 12, 131, 424. 

Ubbelohdc and Goldschmidt, 1. 

Uchida, 107. 

Ueno, 104, 336, 392, 600. 

Uhlinger, 480. 

Ultraviolet light, 62. 

Ul‘.ravi(det light on catalytic action, 
effect of, 33. 

Ultraviolet light, polymerization of oils 
by, 397. 

Ultraviolet rays on oil, 425. 

Undecoic acid, 297. 

Undccylic acid, 280. 

Underwriters’ Laboratories, 603. 
Unssponifiablc constituents of hardened 

■ otl‘i 283. 

Unsaponifiablc bodies, content of, 283. 
Unsaponifiable matter, 295, 310, 395, 
398. 

Unsaturated acids, 275, 279. 

Unsaturated bodies in fats, 333. 
Unsaturated bodies, toxic, 323. 
Unsaturated compounds, 36. 

Unsaturated constituents of petroleum,^ 
418. 

Unsatuijtcd fatty acids, 285. 
Unsaturated hydrocarbons, 250. 
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Volatile nickel compound, 236. 
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Ward Baking Co., 646. 
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Water, effect on catalyzer reduction, 221. White-Gained soap, 369, 372, 398. 
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„Wire gauze, 432. 

< Wire-^uze, safety device, 690. 
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Wire netting, 0^ 

Wi», nickel, %, / 

Wirw^ver, 






